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HE sprouting of a seed, its development to 
a mature plant, and the death and decay 
of the latter, constitute a most remarkable series 
of phenomena. It involves in one way or another 
every physical principle known. A vital aspect, 
recognized by the layman, is the perpetual 
streaming of water from the soil into the roots, 
through the plant cells, into the atmosphere and 
back to the soil. Water takes part in the synthesis 
of the organic substance and conveys from cell 
to cell its load of organic colloids. 

That energy from the sun is required has been 
known since the days of the ancients. That 
carbon, hydrogen, oxygen, phosphorus, potas- 
sium, nitrogen, sulphur, calcium, iron and mag- 
nesium have important roles has been known for 
many years. The chemists and biologists have 
learned much about the plant, byt the potenti- 
alities of the little seed remain the great mystery. 
Notwithstanding the transcendental importance 
of its biology, it is to be expected that the new 
things to be learned will have to do largely with 
physical phenomena. 

The micro-organisms that are present in vast 
numbers have much to do in determining how 
the colloids, organic and inorganic, arrange them- 
selves in building a complex structure of soil 
aggregates, but they do not enter explicitly into 
the problems of the soil physicist. This paper is 
concerned primarily with the physics of the soil. 


THE ATMOSPHERE 


It is important to observe that the crust of 
the earth is bathed in a dynamic atmosphere, 
composed of superheated gases with a small 
fraction of water vapor, and that this water 
vapor is responsible primarily for the dynamic 
features. As a direct consequence of its presence, 
mountains and valleys are formed. The rays of 
the sun, the water and the ice result in un- 
balanced stresses that disintegrate the rocks, 
grinding them into fine particles, and the wind 
and the water transport these particles from 
place to place to form a porous surface crust. 
The crust thus formed may in turn be washed 
away and deposited at the bottom of the sea, 
there to begin another cycle. 


THE SOIL PARTICLE 


There is a great variety of parent rock ma- 
terials from which the soil is derived, involving, 
in particular, silicon, potassium, aluminum, cal- 
cium, sodium, magnesium, iron, phosphorus, 
oxygen, chlorine and fluorine, all of which are 
at least slightly soluble in water. The weathering 
of the parent rock consists, therefore, of a 
mechanical breaking down or grinding process, 
together with chemical reactions in which water 
plays a primary role, either through hydrolysis 
(or double decomposition) or through hydration. 
All over the globe where dry land occurs there 
lies a layer of unconsolidated debris of varying 
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Fic. 1. Showing crystal lattice make-up of colloidal clays. 
[Marshall-Baver. ] 


thickness, and at the surface of this layer lies 
the soil. The soil varies in thickness from a thin 
film to as much as 10 ft. It has properties that 
have been determined to some extent by the 
action of biological organisms, as has been indi- 
cated, whereas the deeper region lacks develop- 
ment in color, in content of organic matter and 
in structure. The soil is heterogeneous in its 
geological, physical and chemical character. The 
individual soil particle may be a fragment of 
the original parent rock or it may be the product 
of chemical weathering. 

In 1913, the International Society of Soil 
Science proposed an arbitrary classification of 
the particle “‘diameters”’ as follows: gravel, 20 to 


2 mm; coarse sand, 2 to 0.2 mm; fine sand, 0.2 


to 0.02 mm; silt, 0.02 to 0.002 mm; clay, 0.002 
mm and smaller. It is customary in America to 
divide the sand into four fractions and to place 
the division between sand and silt at 0.05 mm. 
Thus: coarse sand, 1 to 0.5 mm; sand, 0.5 to 
0.25 mm; fine sand, 0.25 to 0.1 mm; very fine 
sand, 0.1 to 0.05 mm;; silt, 0.05 to 0.002 mm. 

The coarser materials are in general of primary 
origin, consisting essentially of rock fragments, 
quartz, hornblende, augite, garnet, magnetite, 
sandstone and shale, whereas the silt consists of 
primary and secondary particles coated with clay 
material. The clay is essentially of secondary 
character. 

With the aid of x-rays and the electron micro- 
scope much light has been thrown on the problem 
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of the crystalline character of clay. Because of 
its plastic behavior and its high degree of dis- 
persion in water, clay was formerly thought to 
be amorphous, but there seems to be little ques- 
tion now that it is crystalline. Chemical analysis 
of the clay fraction shows that it is composed 
primarily of SiO2, Al,O3, Fe,O; and H,O, along 
with varying amounts of MgO, CaO, KO, Na,O 
and P.O;. Micas and other clay minerals are 
thought to be built of units of alumina and 
silica. The alumina unit consists of two sheets of 
closely packed oxygen atoms or hydroxyl groups 
which are held together by aluminum atoms in 
such a way that one aluminum atom is sur- 
rounded by six oxygen atoms or hydroxy] groups, 
three from each sheet. The silica unit consists of 
a sheet of oxygen atoms held together by silicon 
atoms. The silicon atoms are surrounded by four 
oxygen atoms, three in the sheet and one above. 
The oxygen atom above provides the means for 
linking a silica unit to an alumina, since it can 
serve as one of the six oxygen atoms which sur- 
round the alumina sheet. See Fig. 1. 

Two groups of clay minerals have been recog- 
nized. These are the kaolin group, or 1:1 type of 
crystal lattice, and the montmorillonite group, or 


Fic. 2. Showing crystalline form of particles ranging in 
“diameter” from 5u to 50 mu. [Shaw. ] 
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2:1 type of lattice. The kaolin minerals include 
halloysite, metahalloysite, kaolinite, macrite, 
dickite, and others, and are built up of one silica 
sheet to one alumina. The montmorillonite group 
includes pyrophyllite, montmorillonite, beidellite, 
nontronite, hydrous mica and other minerals in 
which the crystal lattice is composed of units of 
two silica sheets to one alumina. 

The physical and chemical properties of these 
two groups of clay minerals are rather dissimilar 
as a result of the difference in their crystal- 
lattice make-up. The kaolin minerals, with fixed 
crystal lattices, exhibit only slight hydration and 
adsorptive properties. Base exchange, or cation 
adsorption, is very low. On the other hand, the 
expanding lattices of montmorillonite and beidel- 
lite are responsible for high hydration and cation 
adsorption. Cations and water are adsorbed not 
only on the outer surfaces but also on the 
internal surfaces within the crystal.! 

Figure 2, taken from an article by Shaw,? 
illustrates the crystalline form of particles rang- 
ing in “diameter” from 5yu to 50 mu. 


THE ENSEMBLE OF MINERAL PARTICLES 
AND THEIR DISTRIBUTION WITH 
RESPECT TO SIZE 


The processes involved in the disintegration of 
the parent rocks into fine particles are presumed 
to be statistical in character. If, therefore, we 
may assume that they are distributed according 


X= EXPERIMENTAL POINTS 


QUANTITY PER RADIUS INTERVAL 


RADIUS (MICRONS) 


Fic. 3. Showing size-distribution of particles for 
Trenton clay. [Affleck. ] 


‘L. D. Baver, Soil physics (Wiley, 1940), p. 19. 
? B. Shaw, J. Phys. Chem. 46, 1035 (1942). 


QUANTITY PER RADIUS INTERVAL 


1 
RADIUS IN MILLIMICRONS 


Fic. 4. Distribution curves for graded sols, including 
corresponding set from probability theory. [Affleck.] 


to the Gibbs canonical formula, we may write, 
N,/N=exp [—(V,-—¥)/61, 
in which N,/N is the ratio of the number of 
particles N, in a narrow range to the total 
number N in a sample; V, is the volume of the 
particle characterized by the radius 7; and y 
and @ are parameters. Multiplication of both 
members of the equation by the mass of the 
particle, (4/3)r*p, leads to the relation 
qr=AreE-"®, 
in which q, is the mass of material per unit radius 
interval, A =(4/3)rpNC, C=e¥!®, E=e4*!%; or, 
if we replace g, by the continuous function q(r), 
this becomes 
q=AreE-"®, 
Differentiating g with respect to r and equating 
the derivative to zero, we obtain 0=(4/3)z7r,,', 
in which 7, is the maximum ordinate. From this 


it is to be observed that E=exp (1/rm*), and the 
equation takes the form 


q=Ar* exp [—(r/rm)?]. 
Finally, if we write 
gdr =Ar* exp [ —(r/rm)* dr, 
and integrate, we obtain, for the total mass M of 
the sample under consideration, M=Ar,,*T (4/3), 


or 
M 


A=———_. 
tml’ (4/3) 


On the basis of the theory of probability it is 
to be expected, therefore, that a term of this 
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kind should be introduced for each of the several 
mineral types from which the soil originates. 
The curve in Fig. 3 represents the equation 


Q=Ayzr* exp [—(r/rm)*] 
+--++-+Asr? exp [—(r/rms)*], 


and the crosses represent the experimental points 
for a soil known at the Utah Experiment Station 
as the Trenton clay.* Here Q is the mass of soil 
per unit radius interval. In the inset of Fig. 4 
are shown distribution curves for graded sols.* 
The coordinates of the various maximums were 
used to obtain another equation of five terms 
like the preceding one for Q. The various com- 
ponent curves are shown also in the figure. 

By means of sieves it is possible to separate 
the coarse particles from the soil sample, but 
sedimentation methods are used to estimate the 
distribution of the small ones. The following 
summary will illustrate the fundamental basis 
upon which these methods depend.‘ 

A mass W (gm) of soil is dispersed and sus- 
pended in water in a vertical cylinder. Let w be 
defined by the integral 


W= /fwdr, 


in which r represents the effective radius of the 
particle, and let g (see below) represent the mass 
of soil per unit volume at a selected point z (cm) 
below the surface of the water in the cylinder. 
According to Stokes’ equation, at the time #, 
given by 


t=2/v=2/Cr’, (1) 


all particles of effective radius 7 will have reached 
the point z, and at a subsequent time, ¢+d?, the 
mass per unit volume gq will have diminished by 
the amount 


dq=wdr. (2) 


Differentiating Eq. (1) with respect to ¢, elimi- 
nating ¢ from the result by means of Eq. (1), and 
then combining this with Eq. (2), we obtain 


(3) 


If, therefore, g is determined experimentally as 


3C, Affleck, Soil Sci. 38, 113 (Aug. 1934). 
4D. S. Jennings, M. D. Thomas and W. Gardner, Soil 
Sci. 14, 485-499 (Dec. 1922). 
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an empirical function of the time it is possible, 
with the aid of Eqs. (1) and (3), to obtain the 
relationship 


w=wi(r). 


(4) 

This underlying theory is used extensively by 
soil specialists. C. E. Marshall® has developed a 
two-layer method for making separations of the 


colloidal particles. He replaces the gravitational 
field by a centrifugal field. 


MACROSCOPIC PROPERTIES 


The farmer is interested in the behavior of the 
soil under the influence of tillage tools, its 
permeability to water and its fertility. Early 
scientific studies were motivated by an interest 
in improving farming practices and increasing 
crop yields. An extensive literature appeared, 
and present-day researches have been influenced 
appreciably by work that was done more than a 
century ago. 

The soil is an extremely heterogeneous mixture 
of mineral particles and organic matter, and, 
although soil structure and soil processes must 
conform to fundamental laws of mechanics and 
thermodynamics, inherent difficulties arising from 
the vast number of degrees of freedom have 
slowed down the development of soil science. 
The concepts and the terminology have been 
influenced by geology, mineralogy, climatology, 
pedology and, particularly, chemistry, physics 
and biology. The experimental methods have 
greatly outweighed the influence of mathematical 
analysis, and, although the vast literature repre- 
sents the painstaking efforts of numerous out- 
standing investigators, a very considerable part 
of the experimental work is of only local sig- 
nificance. At the present time efforts are being 
directed to fundamental principles, and satis- 
factory progress is being made. X-ray methods 
and the electron microscope have been instru- 
mental in extending the knowledge of soils into 
the domain of the ultimate structure of the 
mineral particle. 

For convenience, soils have been broadly 
classified as mineral and organic. The mineral 
soils are subdivided into the three classes: 
lateritic, podsolic and aridic; and the organic, 
into muck and peat. The lateritic and podsolic 


5 C. E. Marshall, Proc. Roy. Soc. A26, 427-439 (1930). 
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Fic. 5. Curve illustrating the Hamaker potential function. 


are developed in humid climates, the former in 
warm and the latter in cold regions. Aridic soils 
may be distinguished from the others by the 
characteristic accumulation of calcium carbonate 
near the surface in most cases. Where the organic 
matter content is between 20 and 50 percent the 
soils are designated as muck, and if greater than 
50 percent, as peat. 

Mineral soils consist of aggregated granules 
surrounded by varying amounts of dilute solu- 
tions of various electrolytes, gases and other 
material. Were water absent it would be possible 
to reduce any soil to powder, the final character 
of the powder depending upon the amount and 
violence of grinding. The number of contact 
points in a pile of dry sand is very much less 
than for a similar pile of powdered clay. As 
powders, the sand and the clay might be charac- 
terized by an angle of repose, a coefficient of 
viscosity, a volume weight, a variable modulus 
of compressibility, and by other similar physical 
properties, but the tensile strength would be 
vanishingly small in clay and sand. 

Adding water to sand will increase its volume 
weight and change its color, angle of repose and 
other properties, but will give it very little 
tensile strength. For an aggregation of spherical 
particles slightly moist, the force exerted by the 
saddle-shaped ring of moisture in pulling them 
together approximates the value 2raT for low 
moisture content, in which a is the radius of the 
particle and T the coefficient of surface tension 
of the air-water interface. The number of such 
contact points per unit aggregate volume in- 
creases greatly as the size of the particle de- 
creases. Assuming that the volume weight is 
independent of the size of the particle, the 
number ” of particles per unit volume is equal 
to the reciprocal of the cube of the diameter, 
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and the force per unit area (macroscopic) be- 
comes 


2rakTn = 2nakT /8a*=krT/4a?. 


As stated, the structure of the clay particle 
itself exercises an important influence in deter- 
mining the macroscopic properties of clay, and 
the presence of clay in a soil profoundly modifies 
its physical character. At a somewhat unique 
moisture content the tensile strength of clay is 
sufficient for it to be molded into threads, and 
this has been designated the lower plastic limit. 
At a second somewhat unique moisture content 
it becomes sticky and adheres to other solids, 
and this has been designated the upper plastic 
limit. The moisture content in the range between 
the lower and upper limits has been designated 
an “index of plasticity.’”” Beyond this upper limit 
the clay may assume all degrees of fluidity and 
thixotropic characteristics. 

When moist clay or silt is molded into blocks 
and then dried it assumes the properties of an 
elastic solid with a yield point, and when stressed 
beyond this point it tends to crumble. The some- 
what ill-defined term friability purports to de- 
scribe the ease with which the dried clay crumbles. 
It has been proposed® to designate the ratio of the 
deformation per unit volume at the yield point 
to the stress at this point as a numerical index 
of friability. 

Other macroscopic characteristics will be re- 
ferred to in subsequent paragraphs. 


THE MECHANICS OF CLAY 


The physics of the solid-liquid interface must 
always involve great complexity, and it seems 
probable that the development of the science of 
soil physics may go hand in hand with the de- 
velopment of the science of the interface. The 
van der Waals force of attraction may be ac- 
counted for on the basis of Coulomb’s law, like- 
wise also the repulsive force arising because of 
the ionic spheres surrounding a colloidal particle. 
A second and important repulsive force, varying 
inversely with some high power of distance, must 
also be introduced. There is perhaps at the 
present time very little that may be said regard- 
ing the nature of this repulsive force except that 
it becomes very large at small distances. The 


®°Q. Christensen, Soil Sci. 29, 119 (July, 1929). 





316 WILLARD 


curve in Fig. 5’ represents a potential equation, 


proposed by Hamaker. The middle term in the 
right member represents the van der Waals 
attraction, and the other two terms are repulsion 
potentials—the first the modified Debye repul- 
sion term, and the last the close-range repulsion. 
The first minimum in Fig. 5 represents a position 
of relatively stable equilibrium and the other a 
position of less stability. This is presented as a 
possible explanation for the various phenomena 
of coagulation, peptization and thixotropy in 
clays or in other colloidal substances. The follow- 
ing paragraph is quoted from Houwink :? 


The type of potential curve given probably occurs 
frequently, and describes the phenomenon of coagula- 
tion better than Freundlich’s curves. According to 
Freundlich a more or less continuous change between 
thixotropy and coagulation should be expected. Ac- 
tually, however, coagulation is a rather critical phe- 
nomenon, which occurs suddenly at a definite con- 
centration of electrolyte. For example, if the level of 
the first minimum is lower than that of the second, no 
appreciable coagulation necessarily occurs if only the 
maximum between the two minima is sufficiently high 
(that is to say, greater than kT). The Brownian 
movement is then in general not sufficient to bring 
together two particles separated by a distance equal to 
that of the first minimum. If, however, the maximum 
is somewhat lowered, for instance by the addition of 
electrolyte, then coagulation can occur, and the 
particles take up positions with respect to each other 
corresponding to the first potential minimum in which 
they are only a short distance apart (for example, 
a few A). The first minimum may also lie higher than 
the second. Then the peptized state is always stable 
with respect to the coagulated, and a coagulum may 
be peptized spontaneously if the maximum between 
the two minima is sufficiently low (say <kT). 


oO 


VELociTy GRADIENT 


STRESS T 


Fic. 6. Three-dimensional D—7—? diagram. [Houwink. ] 


7R. Houwink, Elasticity, plasticity, and structure of 
matter (Cambridge Univ. Press,§1937), pp. 13, 341. 
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Fic. 7. Streamline distribution about drains—uniform soil, 
together with simple source and sink. 


The equation 
Mt= Mot (Mo— Hae, 


in which y; is the coefficient of viscosity at the 
moment ¢, uo is that at the beginning (¢=0) and 
Ms is that at time t= (together with Fig. 6, 
in which D is the velocity gradient, and 7 the 
shearing stress), is also quoted from Houwink 
(pp. 12-13) and will suffice to represent the 
thixotropic characteristics of clay. 

The last decade in particular has produced a 
vast amount of experimental data regarding 
cation exchange. The clay particle carries a net 
negative charge and behaves as a clumsy multi- 
valent ion which reacts with numerous positive 
ions, and there is doubtless no factor that has 
greater influence upon the macroscopic properties 
of the soil than the ionic composition of the soil 
solution. It may be noted specifically that an 
excess of sodium ion in the colloidal complex 
increases the dispersion of clay in water, whereas 
the presence of calcium favors flocculation. 


THE DYNAMICS OF SOIL MOISTURE 


Numerous papers have been written on one 
phase or another of soil moisture, but the subject 
is approached ordinarily by strictly empirical 
procedure. However, as early as 1856, the French 
engineer and physicist, Henri Darcy,* proposed 


8H. Darcy, Les fountaines publiques de la ville de Dijon 
(Paris, 1856). 
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. 8(a). Same as in previous illustration except that the 
soil is stratified as explained in the text. 


Fic. 8(b). Influence of hardpan near the surface. 


the use of a formula for the velocity v of flow; 
expressed concisely, it is 

v= —kV®, 
in which 


b=p/p+¢, 


p being the hydrostatic pressure, p the density, 
@ the gravitational potential function and k a 
permeability factor. 


The Poiseuille equation for the movement of incom- 
pressible fluids through circular tubes takes the form 


a being the radius of the tube and yu the coefficient of 
viscosity. It is natural to assume that the pore space in 
the soil may be characterized by a linear parameter repre- 
senting the effective radius of hypothetical tubes. In the 
old literature on soil physics it was customary to think of 
the soil as a bundle of capillary tubes, and I merely call 
attention to the possibility of interpreting the k as used 
in the Darcy law as including the square of an effective 
radius as a factor. Pouiseuille’s equation would then 
appear to be a special case of the Darcy equation. 


Slichter and King, at the University of Wis- 
consin, were perhaps the first in America to take 
°C. S. Slichter, ‘Theoretical investigations of the motion 


of ground water,” U. S. Geol. Survey, 19th Annual Report 
(1898), pt. 2, pp. 107-206. 
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serious accotint of the Darcy law. Combination 
of Darcy’s equation with the equation of con- 
tinuity for incompressible fluids leads immedi- 
ately to the Laplace equation, 


V-Vé=0, 


and Slichter and King applied it to the solution 
of ground-water problems. Many of the mountain 
valleys in the arid West collect water from the 
watersheds in artesian basins, and in many cases 
the upward seepage of this water maintains a 
high water table so that it is necessary to install 
drainage systems. Engineers have relied on cur- 
rent practice to guide them in the design of such 
systems, and very little attention is given to this 
basic velocity law. Because of the heterogeneous 
structure in the mineral deposits through which’ 
the underground water moves, the boundary 
conditions to be taken into account in applying 
this law are complicated. Nevertheless, in many 
cases simple boundaries may be assumed and 
practical solutions of the Laplace equation may 
be obtained. 

Don Kirkham,!° Samuel Harding and John Kk. 
Wood," working at the Utah Agricultural Ex- 


Fic. 9. Showing potential contours for circular array of 
wells, together with corresponding logarithmic potential 
curve in vertical plane. 


10 PD. Kirkham, Proc. S. S. S. A. 5, 65 (1940). 


11S, W. Harding and John K. Wood, Proc. S. S. S. A. 6, 
117 (1941). 
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periment Station laboratory, have constructed 
models for illustrating various hypothetical cases. 
In Fig. 7 are shown streamline distributions 
obtained. The first diagram at the upper left 
illustrates water moving upward from an artesian 
stratum and at the same time downward from 
water covering the surface. There is one drain at 
the center and one at each side. This represents 
a column of soil 50 ft in depth with drains placed 
40 ft apart, the hydraulic head (total potential) 
in the artesian stratum being 3 ft. 

The diagram at the upper right is in every 
respect the same except that the head is 8 ft. 
The two cases in the middle differ from the one 
first mentioned in the drain spacing only, it 
being 80 ft in one case and 160 ft in the other. 

The bottom illustration will be recognized as a 
simple source and sink, water having been ad- 
mitted through a small screen wire tube at the 
bottom and removed through a similar tube at 
the top. 

In Fig. 8(a) are shown four cases in which the 
soil is stratified. The water moves up and down 
in all cases except the one at the lower left. In 
both illustrations at the top there are but two 
layers, whereas at the bottom coarse soil lies 
between two layers of fine. In the series of 
illustrations in Fig. 8(b) the drains are placed at 
or near a hardpan layer 6 ft below the surface, 
the drain spacing being 20 ft in the first, 40 ft 
in the second and third and 80 ft in the others. 

T. R. Collier? and the author have shown that 
the effective radius of a network of small wells 
of uniform size, penetrating a uniform horizontal 
water-bearing stratum and arrayed in concentric 
circles, is equal to the geometric mean distance 
from the center of the network to the individual 
wells. In Fig. 9 are sketched the potential 
contours for such a network consisting of a 
single circular array. At the bottom are shown 
logarithmic potential curves (surfaces), one pair 
representing a single well and the other pair an 
equivalent network of one array. In the case of 
the single well the water is pumped from the 
elevation of the plane separating the clay and 
the gravel, and for the network the lift is very 
much less, as may be seen. 


12W. Gardner and T. R. Collier, Agr. Eng. 17, 240 
(1936). 


GARDNER 


Fic. 10. Showing moisture content contours for 
canal lying on deep soil. 


O. W. Israelsen!* and the author undertook to 
design an ‘‘economic’”’ network, expressing 2, the 
cost per unit quantity of water pumped, as a 
function of the various parameters of the net- 
work, including the radius 7 of the vertical pipes, 
the size of the stream g in each, a series of radii 
rn: for the horizontal connecting pipes leading 
the water to a central sump, the radii R; of the 
respective circular arrays and the number m of 
such arrays. In order to obtain the appropriate 
values of the parameters, the derivatives of the 
function z with respect to all parameters except 
m were set equal to zero. Empirical procedure 
was necessary for determining m. Knowing m, 
the other parameters were obtained by solving 
the set of equations. 

The Darcy law does not apply for the move- 
ment of moisture in soils with an air phase 
present. The presence of the air-water interface 
introduces serious complications. However, in 
order to obtain a tentative first approximation, 
T. R. Collier, Doris Farr and the author" pro- 
posed the tentative modification, 


v= —kpV®, 


in which p now represents the moisture content 
of the soil per unit volume, and 


V=(1/p)Vp+V¢. 
Combining this with the equation of continuity, 
dp/dt=V-(pv), 
we obtain the equation 


dp/dt= —k(pV?p+2pVp-Vo+Vp-Vp). 


13 W. Gardner and O. W. Israelsen, “‘Design of drainage 
wells,’ Utah Engineering Experiment Station, Bull. No. 1 
(1940), pp. 5-15. 

4W. Gardner, T. R. Collier and D. Farr, ‘‘Ground- 
water, Part I, Fundamental Principles Governing its 
Physical Control,’’ Utah Agricultural Experiment Station, 
Bull. 252. 
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The function y defined by 


Vy =(1/p)Vp, 


has been designated the capillary potential func- 
tion and was first introduced by Edgar Buck- 
ingham. The term ‘“‘stress potential’ has also 
been suggested. R. K. Schofield'® pointed out 
that it represents the principal term in the free 
energy (or thermodynamic potential) change for 
constant temperature processes, and suggested 
the term pF to represent its logarithm. For 
constant temperature the moisture content p 
determines the air-water interface configuration 
(though not uniquely), and this in turn the 
pressure (or tension). The empirical relation, 


v=c/p+b, 


has’ been introduced" as a first approximation. 
Elimination of Vp by means of this relation 
leads to 


dp/dt= —kc(V*p— (2p/c)(Vp) -(V¢)). 


Applying this to the case of downward flow 
from a canal, we obtain for uniform soil, 


0 p/dx*+ 0?p/d2*— (2gp/c)dp/dz=0, 


z being the vertical (downward) coordinate. The 
moisture contours illustrated in Fig. 10 represent 
a solution obtained by Harry G. Romig and 
G. R. Stiblitz, of the Bell Telephone Laboratories. 

As may be shown, the assumptions lead to an 
equation of the form corresponding to the Fick 
diffusion law, 

pv= —kVp. 


However, these equations are based on simplify- 
ing assumptions and are presented as a first 
approximation in the absence of more precise 
information. Precise analytic procedure will re- 
quire equations that are somewhat more involved. 

Schofield and many others have obtained em- 
pirical (graphical) relations between the moisture 
percentage and the pF, and in many cases the 
wetting and drying curves differ appreciably. It 
seems probable that the configuration of the soil 
particles changes in response to the addition or 
the extraction of moisture. During the wetting 


15 E, Buckingham, “Studies of the movement of soil 
moisture,” U. S. Dept. Agr., Soils Bull. 38 (1907). 

16 R. K. Schofield, ‘‘The pF of the water in soil,” Trans- 
actions of the Third International Congress of Soil Science 
(1935), pt. II, pp. 37-48. 
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process air bubbles may be trapped here and 
there, thus reducing the moisture content at 
“‘saturation.’”’ Slichter!? discusses the geometry of 
the pore space for an ideal soil composed of 
uniform spherical particles. 

It is to be presumed that, in the absence of 
isolated bubbles of air, the distribution of the 
water in a tall column of ideal soil particles 
would be determined uniquely by the height 
above water table, the free energy or thermo- 
dynamic potential being independent of height, 


p/pt+o=k, 


or, expressed in terms of the curvature 1/r of the 
air-water interface, 


pgh=2T/r. 


A simple device consisting of a porous cup 
filled with water and provided with a mercury 
manometer has been used to measure this capil- 
lary potential function for moist soils. If the cup 
is placed in the moist soil, water is drawn from 
the cup until the tension in the water in the cup 
is the same as that in the soil, and this tension 
is measured by the manometer. 

L. A. Richards!’ has devised special equipment, 
consisting essentially of a metal cup closed at 
one end with a perforated metal disk, this in 
turn backed up by Cellophane. The moist soil is 
placed inside the cup and subjected to high 
pressure (as high as 15 to 20 atm). The pores in 
the Cellophane are sufficiently small to prevent 
the entrance of air, but the membrane is suffi- 
ciently thin to permit the ready exit of the water. 
Reitemeier and Richards'® have discussed this 
equipment in a recent article. It may be noted 
incidentally that the equilibrium moisture con- 
tent of soil under a pressure of 16 atm,is just 
about at the wilting point. 

Edlefsen and Anderson®?® have emphasized 
recently the importance of thermodynamics in 
connection with the equilibrium of the liquid 
and vapor phases in the soil moisture system, 
and the criterion 

° AF=0, 


17C, S. Slichter, U. S. Geol. Survey, 19th Annual Report 
(1898), pt. 2, pp. 305-380. 

18 L. A. Richards, Soil Sci. 51, 377 (May, 1941). 

19 R. F. Reitemeier and L. A. Richards, Soil Sci. 57, 119 
(Feb. 1944). 

20N. E. Edlefsen and A. B. C. Anderson, Hilgardia 15, 
31-298 (1943). 
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for reversible isothermal processes. It is im- 
portant to observe, however, as Linford* points 
out, that the moisture content of the soil in a 
saturated atmosphere depends upon the intensity 
of the solar radiation as well as upon the tem- 
perature of the liquid phase. The slight tempera- 
ture differential due to radiation plays an im- 
portant role. 


SOIL EROSION 


In the last decade the attention of investigators 
has been directed to the problem of soil erosion. 
The Soil Conservation Service is undertaking a 
comprehensive plan for erosion control, and a 
vast amount of experimental data has been col- 
lected in various places throughout the United 
States. Engineers have for many years been con- 
cerned with the dynamics of streams, their silt- 
carrying capacity, turbulent flow, bed loads, 
silt deposition and various other aspects that 
concern the wearing down of the soil. 

It is not the purpose of this article to do 
more than to point out the approach that is 
being made toward the solution of the problem 
of erosion by irrigation water at the Utah. Agri- 
cultural Experiment Station laboratory. 

The rate at which the soil-wears down under 
the influence of running water must depend upon 
local parameters, and it is hoped to find a 
differential equation of the type, 


dh/dt=f(s, v, ¢, h, a, B, y, -*+), 


in which s is the slope of the eroding surface, v the 
velocity of the stream, o the silt content (includ- 
ing suspended and bed load), h the depth to 
which the surface has worn down at the time ¢, 
and a, 8, y, -:* parameters characterizing the 
soil. In this general form, h must be interpreted 
as a functional variable implying a previous 
history. In certain important practical cases, 
s and v will be constant, the soil will be uniform, 
the time ¢ will be measured from the time the 


* L. B. Linford, Soil Sci. 22, 233 (Sept. 1926). 
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irrigation stream is applied and h loses its func- 
tional character. In other cases, s, v, a, 8 and y 
may be functions of other implicit variables 
that will determine the history of h. 

In order to determine the empirical function f, 
laboratory flume tests are under way at the Utah 
laboratory, in which (2) g, the size of the stream, 
replaces v, (iz) qg and s are included with the 
parameters a, 8, y, --:, (dz) o and h are func- 


tions of the distance x down the flume and (iz) 
the time ¢ is measured from the time the water is 
turned into the flume. These functions are to be 
determined experimentally and combined with 
the equation of continuity, which takes the form 


dh/dt=de/dt+vde/ax. 


Tentative results have been obtained and will be 
reported in a forthcoming article. 


* * * 


The author is indebted to soil chemists and 
physicists at the U. S. Department of Agri- 
culture, at the various agricultural experiment 
stations in America, in England and in other 
European countries, who are attacking seriously 
many of the physical problems of agriculture. 
He is indebted to scientific men in other fields, 
in particular to those who are contributing to 
our knowledge of surface chemistry and physics, 
adsorption, cation exchange, the physics of solids, 
liquids, plastic and thixotropic substances, and to 
an extensive literature in these various branches 
of science. Certain aspects of agricultural physics 
and the names of certain investigators with 
whose work the author is more familiar have 
been mentioned. Other aspects and the names of 
many others who are contributing in a sub- 
stantial way might well have been included. 

There is perhaps no soil physics as such and 
no soil chemistry, but rather are the problems 
of agriculture largely physical and chemical and 
they require the help of the best men available. 
Many men who are outstanding are devoting 
their lives to the solution of these important 
problems. 


They know enough who know how to learn——HENRY ADAMS. 
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Physical Concepts of Ionic and Other Aqueous Solutions 


G. W. STEWART 
University of Iowa, Iowa City, Iowa 


HE alteration in our views of liquids during 

the past decade and a half should influence 

our concepts of the nature of solutions. Reference 

is made particularly to the advance made 

through interpretation of studies in “liquid 
structure.” 

In 1927! an article on x-ray diffraction in 
normal alcohols showed very definitely a two- 
dimensional ‘‘structure,’’ the ‘‘smeared-out”’ 
space periodicity in one direction remaining 
constant with the increase in length of the 
molecule and that in another direction changing. 
It was at once recognized that one periodicity 
depended upon the unchanging diameter of the 
molecule and the other upon its length. At that 
time the authors realized that physicists could 
easily misunderstand the intended meaning of 
the phrase “‘liquid structure,”’ for the crystalline 
state was thought to have a structure and the 
liquid state none. If the word ‘‘structure’’ had 
been used in the report cited, the inference would 
have been made that the authors were referring 
to the presence of suspended crystallites, for 
only so could there be structure and fluidity at 
the same time. Consequently in 1927 the term 
“cybotaxis’”’ was introduced, signifying ‘‘space 
arrangement.”’ Since that time, however, so many 
corroborative experiments have been performed 
with numerous liquids that the term liquid 
structure has come into common use and there 
is no longer needed any special word such as 
cybotaxis. 

At a sharp melting point the crystal structure 
becomes liquid structure. The minute change* in 
temperature required to melt crystals cannot 
alter the character of the atomic forces (such as 
those in an atomic crystal), and the very small 
alteration in mean distance between the atoms 
cannot greatly change the magnitude of these 
forces. It is not surprising, then, that in the 
liquid there are momentarily arrays of limited 
extent much like those in a crystal. Or, in a word, 
the arrangement in the crystal might still be 


1 Stewart and Morrow, Phys. Rev. 30, 232 (1927). 
* Zero or approximately zero. 


the preferred one. There is thus not complete 
disorder, but, for distances of several atomic 
diameters, a smeared-out order in imitation of 
that in a crystal. (Not always must this similarity 
exist, for there might be a significant difference 
in the two structures, analogous to changes in 
crystal structure at a definite temperature.) The 
kind of orderliness in a liquid obviously permits 
mobility. The x-ray diffraction measurements 
representing a time integration under changing 
conditions over a nonhomogenous volume give 
results that can be accounted for by a smeared- 
out replica of the crystal measurements. 

The immediate purpose of this article would be 
somewhat overshadowed if the many striking 
results of x-ray diffraction studies were reviewed 
as evidence. The correctness of the liquid struc- 
ture concept will be assumed. Reference will be 
confined to certain experiments with water as a 
solvent, and the question is raised, what is the 
simplest picture of what occurs in solutions? 

Clearly an understanding of the physical 
nature of water is a prerequisite to answering 
the foregoing question. One of the early con- 
clusions from a study of x-ray diffraction in 
water? was that the molecular complexes could 
not explain the approximate periodicities or the 
changes in them caused by increasing tempera- 
ture. Bernal and Fowler* proposed that water 
had an irregular four-coordinated structure, and 
they presented a thorough review of the evidence 
from numerous angles. Morgan and Warren,‘ by 
x-ray diffraction in water at various temperatures 
from 1.5° to 83°C, showed that water has an 
“essentially tetrahedral’’ structure that may be 
described as a ‘‘broken-down ice structure.” It is 
a structure in which ‘each water molecule is 
striving to bond itself tetrahedrally to four 
neighboring molecules, but the bonds are con- 
tinually breaking and reforming so that at any 
instant a molecule will be bonded to less than 
four neighboring molecules.” It is evident that 


2 Stewart, Phys. Rev. 37, 9 (1931). 
3 Bernal and Fowler, J. Chem. Phys. 1, 515 (1933). 
4 Morgan and Warren, J. Chem. Phys. 6, 666 (1938). 
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water by no means approximates a closely 
packed liquid, for the number of nearest neigh- 
bors in a closely packed group of spherically 
symmetrical atoms or molecules should be twelve. 
Thus water has an open structure, and the 
association of this fact with its function as a 
solvent will be made clearer at a later point. 
The authors last mentioned have attempted to 
give a “fair assignment” of the number of nearest 
neighbors at different temperatures and conclude 
that they vary from 4.4 at 1.5°C to 4.9 at 83°C. 
The breaking of additional bonds (H_ bonds) 
with rising temperature causes the specific heat 
of water to be relatively high. : 

With this knowledge of the nature of water one 
can easily form a helpful picture of what occurs 
in a water solution. Since the solution has a 
liquid structure also, one may readily accept the 
view that it is a modification of the pure water 
structure, somewhat as copper will alloy gold. 
If then the solute can participate with the water 
structure in forming a new structure, a homoge- 
nous mixture will result. If the solute cannot so 
participate, the liquids remain separated and 
there is not a true solution in the preceding sense. 
While we cannot state with accuracy that the 
unique role of water as a solvent is caused by its 
open structure and the relative ease with which 
its H bonds are broken, yet there is no doubt 
that it is helpful to associate the two features in 
our minds. 

What is the better concept of the role of water 
in an ionic solution? Shall the water be regarded 
as constant in density and structure with ions 
present, or shall its changeable structure enter 
into the picture? 

The Debye-Hiickel theory of electrolytes, 
which with its subsequent modifications has been 
very successful, assumes no change in the water 
itself and deals with the electrostatic influence 
of the ionic charges in the water. In the literature 
there is recorded the ‘‘partial molal ionic volume” 
of ions of a large number of strong electrolytes, 
thus carrying on the assumption of the unchanged 
water. Indeed it has been shown that according 
to the Debye-Hiickel theory,’ the change in the 
partial molal ionic volume varies as the square 
root of the concentration. But this is not in 


5 See Gucker, Chem. Rev. 13, 111 (1933). 
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accord with experiment even at small concentra- 
tions. From experiments with x-ray diffraction in 
38 strong electrolytes,® the author concluded 
that there was a striking correspondence between 
the indicated rate of change in water structure 
and the rate of variation of the partial molal 
ionic volume, when the concentration of the 
electrolyte was altered. The view obtained from 
such experiments is that the ions break the LH 
bonds of the water and cause it to become 
denser (more closely packed). Therefore the 
alterations in structure of the water must be 
considered in any complete theory of ionic 
solutions. 

The concept stressed in this paper suggests 
quite definitely that, at least in solutions not 
very dilute, the concept of ‘‘ionic atmospheres”’ 
of the Debye-Hiickel theory, might profitably be 
replaced by one which is based upon a more 
intimate knowledge of liquid structure. This has 
been mentioned by others,’ but it is a look into 
the future rather than a suggestion that can be 
immediately followed in theoretical development. 
In the meantime, the concept involving liquid 
structure can be very helpful in visualization. 

The adiabatic compressibility values of 26 
aqueous ionic solutions have a remarkable corre- 
lation® with the partial molal volume of the 
solvent water. This is additional evidence for 
the increase of density of water with increasing 
ionic concentration. 

One may inquire as to the correlation of solu- 
bility of strong electrolytes with the indicated 
variations in liquid structure of the water. 
Solubility data are as yet too meager to make a 
satisfactory comparison. Such as has been made, 
however, indicates that the more soluble the 
electrolyte the less disturbance per ion is caused 
in the water structure. 

It may occur to the reader to inquire whether 
or not liquid structure is wholly dependent on 
the shape of the molecule, for obviously molecular 
volume and shape would prevent complete 


6 Stewart, J. Chem. Phys. 7, 869 (1939) and 11, 72 
(1943). 

7 Harned and Owen in The physical chemistry of solutions 
(Reinhold Publishing Corporation, 1943), pp. 259, 280. 

8 Corey, Phys. Rev. 64, 350 (1943). The ‘“‘partial mola! 
ionic volume”’ is the rate of change of the volume of the 
solution per mole of the ions. The partial molal volume of 
the water in solution is defined in a similar manner. 
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randomness. Moreover, the fact that a molecule 
is polar might also contribute to structure. 
Indeed, some physicists have been much inclined 
to regard these factors as the only ones entering 
into liquid structure. One should rather interpret 
the degree of orderliness as influenced by all 
atomic and molecular forces. In fact, numerous 
liquid elements have been studied by x-ray 
diffraction with a view to determining the aver- 
age number of neighboring atoms.® In some cases 
one permanent nearest neighbor was found for 
each atom, indicating the existence of diatomic 
molecules in these liquids (for example, nitrogen, 
chlorine). Phosphorus atoms have three perma- 
nent nearest neighbors. In some liquid elements 
each atom had nearly the same average number 
of nearest neighbors as in the crystalline state. 
Thus, liquid argon near the triple point had 10.2 
to 10.9 nearest neighbors as compared to 12 in 


° A review of these experiments is presented by Gingrich, 
Rev. Mod. Phys. 15, 90 (1943). 


323 


the crystalline state. On the other hand, potas- 
sium has about 8 nearest neighbors and so also 
has gallium and indium. This indicates that these 
last three, which are in the atomic state in the 
liquid, cannot possibly have an arrangement 
which would even approximate the close packing 
of hard spheres in which each sphere has 12 
nearest neighbors. The atomic forces which are 
peculiar to each kind of atom are thus seen to 
be very influential in determining the resulting 
liquid structure. One cannot account for the 
structure by the mere shape of the liquid mole- 
cule and its polarity. 

The conclusion of studies in liquid structure 
of water and ionic solutions is that our concept 
of the nature of solutions should be based upon 
the picture of the approximate tetrahedral and 
open structure of water and upon the visualiza- 
tion of the true solution as the formation of a 
new liquid structure in which both solvent and 
solute participate. Such a picture should prove 
helpful in instruction. 


English Education Bill 


One by-product of the war which may have profound 
effects, even to the point of influencing events in America, 
is the coming revolution in education in England. The 
Education Bill, which is no doubt law by the time this is 
read, embodies more fundamental changes than perhaps 
any other single act in the history of English education. 
Since Scotland has its own system the bill applies only to 
England and Wales. 

The shock which has brought about this major change 
in English viewpoint is largely attributable to the socio- 
logical effect of the mass-evacuation of children from much- 
bombed London. The first evacuations were carried out 
with no thought save that of avoiding danger to the chil- 
dren. The results, from an educational point of view, were 
nearly catastrophic. But recuperation was gradually 
effected, and England had a chance to think of education in 
the light of the most exacting needs of an uprooted school 
population. The effect on English thought has been start- 
ling. The Education Bill has given these thoughts form and 
substance. And the most remarkable thing about the bill 
is the practical unanimity of its support in the House of 
Commons. 

The bill is based on the government’s White Paper of 
July 1943 and, except for modifications made in the light 
of subsequent public discussion, may be said to implement 
the findings and recommendations of the committee whose 


study led to the paper. It requires for the first time regis- 
tration and inspection of schools not in the public educa- 
tional system. It calls for a central Ministry of Education 
and a Minister, who is responsible for seeing that local 
authorities carry out national policy in education. This 
means that education in England has now been recognized 
as being a matter of national concern. 

A most interesting feature of the bill is that local au- 
thorities will be responsible for all types of education. 
Formerly responsibility for elementary education reposed 
in one type of authority and that for higher education in 
another. Now county and county borough colncils will 
exercise authority over all phases of education. 

Another feature is the increased emphasis on technical, 
commercial and art education, as well as on adult educa- 
tion. Itis the duty of local authorities to provide adequate 
facilities. They will have to submit proposals, after con- 
sultation with the universities and other authorities, which, 
when approved by the Minister, it will be their duty to 
carry out. Compulsory, free school until the age of 15 
(to be raised to 16 by the Minister when practicable), 
liberal aid to schools by the Exchequer and intensive 
teacher training are features of the bill which promises a 
new day in education in England and Wales.—M. H. 
TRYTTEN. 





On the Experiment of the Dissectible Condenser* 


B. Gross 
Instituto Nacional de Tecnologia, Rio de Janeiro, Brasil 


FRANKLIN’S EXPERIMENT 


i» 1747-1748, Benjamin Franklin made what 
was perhaps the first systematic study of 
capacitance. Everyone reading the account given 
in his letters must admire the thoroughly sys- 
tematic and skilful way in which he conducted 
the research. Although there has elapsed a period 
of nearly 200 years, his experiments are still able 
to awaken not only historical but also scientific 
interest. Many of his conclusions have proved to 
be much more far-reaching than could have been 
recognized during his own time. It may be 
sufficient to mention his discovery that the two 
electrodes of a condenser carry charges of equal 
magnitude and opposite sign. Franklin was pro- 
foundly interested in the role the dielectric played 
in these effects. So he investigated the influence 
of the area and thickness of the dielectric. 

One of his most interesting conclusions is 
contained in his statement that in the case of the 
Leyden jars he studied, “the whole force of the 
bottle, and power to give a shock, is in the glass 
itself.” In a later letter, Franklin emphasized 
again his conclusion, although referring to it in 
other terms: ‘‘Whether the accumulation of the 
electrical fire be in the electrified glass, or in the 
non-electric matter connected with the glass?’” 
It is not clear whether we should interpret 
Franklin’s statement as concerning the charge 
of the system or as concerning what we now call 
the energy. But it is obvious that Franklin 
clearly perceived the underlying fundamental 
problem of the location of charge and energy. 
His research constitutes a basic point for the 
later theory of the electric field. 

Franklin was led to his statement by the 
experiment of the dissectible condenser, in which 
he saw that discharging or even dismounting the 
system could not destroy the state of strain into 


* A preliminary report was presented at the New York 
meeting of the Association in January 1944; see Am. J. 
Phys. 12, 111 (1944). 

1 Benjamin Franklin's experiments, ed. by 1. B. Cohen 
(Harvard Univ. Press, 1941), p. 191. 

2 Ref. 1, p. 241. 


which the glass had been put by the previous 
electrification. To quote his own words :;* 


We then took two plates of lead of equal dimensions, 
but less than the glass by two inches every way, and 
electrified the glass between them, by electrifying the 
uppermost lead; then separated the glass from the 
lead, in doing which, what little fire might be in the 
lead was taken out, and the glass being touched in 
the electrified parts with a finger, afforded only very 
small pricking sparks, but a great number of them 
might be taken from different places. Then dextrously 
placing it again between the leaden plates, and com- 
pleating a circle between the two surfaces, a violent 
shock ensued.—Which demonstrated the power to 
reside in the glass as glass. . 


MAXWELL’S THEORY AND THE RESULT 
OF FRANKLIN’S EXPERIMENT 


The ‘‘location”’ of the energy of the electric field.— 
Franklin’s experiment has been repeated many 
times and is referred to in numerous textbooks‘ 
as ‘‘showing that the electric energy is stored up 
in the dielectric and not in the plates or only to 
a very small degree in the plates.’> This way of 
interpretation, concerning dielectrics in general 
and not certain solid dielectrics alone, goes be- 
yond Franklin’s own statement and should be 
avoided. While the conclusion is true, it may not 
logically be derived from the experiment. The 
positive result of the experiment shows that 
energy is stored in the dielectric, but a negative 
result does not prove the contrary. It appears 
unlikely that an experiment like that just de- 
scribed could be used to prove that the energy 
also resides in the dielectric when the latter is a 
gas or a liquid. 

In Maxwell's theory, the density of the energy 
of the electric field is given by eE?/87, where E is 
the electric field intensity and e¢ the dielectric 
constant. In a leak-free condenser subjected to a 
constant potential difference, E is different from 


3 Ref. 1, p. 192. 
4R. A. Houstoun, A treatise on light (Longmans, Green, 
1938), p. 440; R. M. Sutton, ed., Demonstration experi- 
ments in physics (McGraw-Hill, 1938), p. 275; A. Fleming, 
— for engineers (Chemical Publishing Co., 1942), 
9 


p. 59. 
5 A. Fleming, ref. 4, p. 59. 
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DISSECTIBLE CONDENSER 


zero only within the dielectric. The whole energy 
resides in the field between the plates, irrespective 
of the nature of the dielectric. The displacement 
D and the dielectric polarization P are assumed 
to be directly proportional to the electric field 
intensity in the dielectric, that is, D=eE and 
P=(e—1)E/4zm, where ¢ is a true constant. If the 
plates are removed from the sheet of dielectric 
and connected with one another, the condenser 
is discharged and E becomes zero. It makes no 
difference whether the plates are first removed 
and then discharged or conversely. In the second 
case, E evidently becomes zero at once. In the 
first case, E in the dielectric decreases as the 
distance between the plates increases until it 
becomes practically zero inside the dielectric, 
when the plates have been sufficiently separated. 
When they are finally connected, it becomes zero 
rigorously. In both cases, D and P become zero. 
After the withdrawal of the externally applied 
field, neither energy nor charge remains in the 
dielectric or on the plates. Once discharged, the 
condenser cannot be charged again solely by 
reassembling it. The result of this experiment, 
therefore, would be negative. 


THE CHARGE OF THE DISSECTIBLE CONDENSER 
DOES NOT RESIDE ON THE ELECTRODES 


The potential difference observed after the 
reassembling of the condenser originates from 
induction by the electric field of charges residing 
in the dielectric. Therefore, the dielectric is the 
seat of electric charges, which against the ex- 
pectation based on Maxwell’s theory remain 
there after the withdrawal of the externally 
applied field. The sign of the charges is the same 
as that of the corresponding electrodes; this 
follows from the experimental fact that the 
polarity of the condenser after reassembling is 
the same as at the beginning of the experiment. 
The electrodes themselves carry a_ negligible 
charge only; this is evidenced by the absence of a 
visible spark between the detached electrodes. 
One must conclude that the charge, which resides 
on the dielectric and manifests itself by the 
spark at the conclusion of the experimental per- 
formance, is identical with that which is expected 
to reside on the electrodes. Under the given 
experimental conditions, the charge of the con- 
denser resides on the dielectric, and not on the 
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electrodes. This interpretation is frequently found 
in older French textbooks.* In the form here 
given it does not exclude the possibility of the 
charge residing “‘in an invisible film of moisture 
on the surface of the glass.’’” 

The effect which is responsible for the positive 
result of Franklin’s experiment has no bearing on 
the “location” of the energy of the electric field, 
but is connected with an interesting problem 
that recently has received much attention; this 
is the permanent polarization of solid dielectrics, 
in particular of the electret. The following dis- 
cussion brings out this connection and considers 


the underlying physical principles from a general 
point of view. 


THE PERMANENT POLARIZATION OF 
SOLID DIELECTRICS 


Method of measurement.—Current practice in 
the measurement of the electric state of the di- 
electric is based on the determination of the 
value of the charges, which in the shorted con- 
denser are found on the electrodes. 


The plates of a dissectible condenser, containing the 
dielectric under test, are connected in parallel with an 
electrometer and an adjustable air condenser. For the 
purpose of measurement, the circuit—normally shorted— 
is opened and one of the electrodes is lifted. If it carries a 
charge, a potential difference v will be indicated by the 
electrometer. The charge g of the electrode is given by Cv, 
where C is the combined capacitance of the air condenser 
and electrometer. 


The charges of the dielectric may be space 
charges and surface charges. The measurement 
of the charge g of the electrode alone does not 
afford information concerning its nature and dis- 
tribution, but permits a formal description in 
terms of a surface charge —g attributed to the 
dielectric. With respect to the induction upon 
adjacent conductors, this charge is equivalent to 
the resulting effect of the actual charges of the 
dielectric. We call it the ‘‘apparent charge of the 
dielectric.” 

Different forms of permanent polarization.—As 
to the sign of the apparent charge, both kinds 


6P, A. Daguin, Traité élémentaire de physique (Dela- 
grave, Paris, 1878), vol. III, p. 188; J. Chappuis and 
A. Berget, Legons de physique générale (Gauthier-Villars, 
Paris, 1899), vol. II, p. 86. 

7A. L. Kimball, Physics (Holt, 1928), p. 388. 
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have been observed. Following Gemant,$ we call 
heterocharges those the polarity of which is con- 
trary to that of the corresponding polarizing 
electrode, and homocharges those the polarity of 
which is the same as that of the corresponding 
polarizing electrodes. 

Both surfaces of the dielectric usually carry 
equal and opposite apparent charges. After 
having been exposed to an externally applied 
field, the dielectric body has acquired a perma- 
nent polar moment—it is permanently polarized. 


The term polarization is here used in its general meaning 
as applying to any dielectric body which as a whole has an 
electric moment. Permanent polarization denotes a (time- 
dependent) component of polarization that does not dis- 
appear instantaneously when the polarizing field is reduced 
to zero. Dielectric polarization shall denote volume polariza- 
tion in the sense of Maxwell’s theory. 


The existence of the permanent polarization 
cannot be deduced from the fundamental equa- 
tions of Maxwell’s theory under the assumption 
that the dielectric constant and the conductance 
are true constants. Formally it is to be classified 
as belonging to the group of phenomena called 
anomalous in descriptions of the behavior of 
dielectrics.* The existence of a physical relation- 
ship between permanent polarization and dielec- 
tric absorption may not be denied a priori; it has 
been taken for granted by various authors.'® 


Dielectric absorption is the principal form of anomalous 
behavior. A condenser is absorptive if, during the applica- 
tion of a constant potential difference to its terminals, 
or after this application and short-circuiting, a transient 
current is observed in the circuit, provided the system has 
not suffered any irreversible modification of structure such 
as the formation of an oxide layer on the electrodes or 
rupture of the dielectric. 


The behavior of permanently polarized dielec- 
trics.'\—Various dielectrics, such as glass and 
paraffin, after having been exposed to relatively 
weak fields (up to 8000 v/cm) have acquired 
heterocharges. But all dielectrics, after exposure 


8 A. Gemant, Phil. Mag. 20, 929 (1935). 

®* The phenomenological theory of anomalous behavior 
has been developed mainly by E. v. Schweidler, Ann. d. 
Physik 24, 711 (1907); “‘Die Anomalien der dielektrischen 
Erscheinungen,” in L. Graetz, ed., Handbuch der Elek- 
— und des Magnetismus (Barth, Leipzig, 1918), vol. I, 


10 J, B. Whitehead, Diélectriques et isolants (E. Chiron, 
Paris, 1928), p. 37. 

1 An extensive experimental investigation has been 
made by S. Mikola, Zeits. f. Physik 32, 476 (1925). 
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to sufficiently strong fields, show homocharges. 
The conditions of the surface (humidity, clean- 
ness, polishing), the nature of the contact be- 
tween dielectric and plates, and the duration of 
exposure to the field have quantitative influence 
only. Usually, the heterocharges decay rapidly; 
after their disappearance a homocharge some- 
times may be observed. The homocharges always 
show great permanency. 

The endurance of the permanent polarization 
is eventually increased if the dielectric, while 
exposed to the polarizing field, is kept for some 
time at a higher than normal temperature. This 
effect, connected with the question of the electret, 
will be considered separately. 


DIELECTRIC ABSORPTION 


Dielectric absorption originates heterocharges.— 
In the light of present ideas of dielectric behavior, 
the appearance of heterocharges is not surprising. 
It is a necessary consequence of the mechanisms 
which today are held mainly responsible for 
dielectric absorption in homogeneous mediums. 
These are: (7) an anomaly of ionic conduction 
within the dielectric; the ions carrying the con- 
duction current inside the dielectric are unable to 
discharge freely at the electrodes,” so that con- 
centrated space charges build up in the neighbor- 
hood of the electrodes and produce slowly appear- 
ing and disappearing electric fields; (#7) an 
anomaly of dielectric polarization (dielectric 
hysteresis;® hindered dipole rotation in polar 
substances"), the effect of which is that the 
dielectric polarization lags behind the electric 
field. In both cases the dielectric remains polar- 
ized after the removal of the polarizing field. 
The corresponding surface charges have a po- 
larity opposite to that of the adjacent polarizing 
electrodes—they are heterocharges. 


The second effect does not imply any transfer of charge 
between dielectric and electrodes; in the case of the first 
effect, this transfer may be neglected in a first approxi- 


12 The study of concentrated space charges in solid di- 
electrics has been developed mainly by A. Joffé, The 
physics of crystals (McGraw-Hill). A theoretical treatment 
of such effects is due to G. Jaffé, Ann. d. Physik 16, 217 
(1933). For a recent survey on ‘Electrical conduction and 
related phenomena in solid dielectrics,” see F. Manning 
and M. E. Bell, Rev. Mod. Phys. 12, 215 (1940). 

13For a recent survey see W. Kauzmann, “Dielectric 
relaxation as a chemical rate process,” Rev. Mod. Phys. 
14, 12 (1942). 
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mation. The charge gq of either electrode at any moment ¢ 
after the short circuit is therefore given by the time in- 
tegral of the anomalous discharging current taken from 
ito ©, 


The result of Franklin’s experiment is not ex- 
plained by dielectric absorption.—Franklin’s ex- 
periment has repeatedly been explained by the 
afore-mentioned assumption of an inertia of di- 
electric absorption. Various authors“ fail to 
mention that, from the standpoint of Maxwell’s 
theory, this assumption must be considered as 
an anomaly. Others call attention to this fact. 
For instance, C. Schaefer, who, after the con- 
ventional treatment of dielectric absorption, 
occasionally refers to the experiment of the 
dissectible Leyden jar (which he attributes to 
Faraday), says: 


There exist anomalous dielectrics, wherein a polar- 
ization once produced by‘an external field is preserved, 
at least partially, for a long time: Here, the ‘‘addi- 
tional” field is able to exist spontaneously. . . . The 
glass between the two metal linings preserves the 
charges previously acquired in consequence of its 
polarization by the field between the plates, even 
when the plates are removed, i.e., when the Leyden 
jar is disassembled. 


But neither this interpretation nor any other 
involving homocharges accounts for the absence 
of a spark between the detached plates and for 
the fact that the polarity of the condenser after 
reassembling is the same as before. Therefore, 
the result of Franklin’s experiment, as ordinarily 
performed, is not connected with dielectric ab- 
sorption. 


LEAKAGE OF CHARGE FROM THE PLATES TO THE 
SURFACE OF THE DIELECTRIC 


Leakage of charge from the plates originates 
heterocharges.—The appearance in the dielectric 
of charges of the same polarity as that of the 
corresponding polarizing electrodes proves that, 
under the influence of the externally applied 
field, charge from the electrodes has been trans- 
ferred to the dielectric and has accumulated near 


14 E. Grimsehl (R. Tomaschek, ed.), A textbook of physics 
(Blackie, London and Glasgow, 1933), vol. III, p. 86; 
A. Boutaric, Précis de physique (G. Doin, Paris, 1933), 
p. 749; M. Chassagny, Cours élémentaire de physique 
(Hachette, Paris, 1917), p. 1108. 


Gruyter, Berlin, 1932), vol. 


15 C, Schaefer, aan cat 1.d. theoretische Physik (W. de 


II, part I, pp. 93-94. 
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the surface of it. The transport of charge is 
here limited mainly to the dielectric-electrode 
interface. A part of the charges remains in the 
dielectric for a long time after the externally 
applied field has been reduced to zero. Faraday" 
investigated these phenomena and gave a very 
concise description : 


The effects appear to be due to an actual penetra- 
tion of the charge to some distance within the electric, 
at each of its two surfaces, by what we call conduction; 
so that, to use the ordinary phrase, the electric forces 
sustaining the induction are not upon the metallic 
surfaces only, but upon and within the dielectric also, 
extending to a greater or smaller depth from the metal 
linings.” 


The real significance of Franklin’s experiment 
is now clearly seen. When a high potential 
difference is applied to the condenser, the charges 
of the electrodes go over to the dielectric more or 
less completely. When the condenser is shorted, 
the charges left on the electrodes and part of the 
charges of the dielectric are immediately re- 
moved; another part of the latter remains on 
the dielectric, which retains a permanent electric 
moment. The current practice of measurement 
confines itself to the determination of the charges, 
which remain on the dielectric after the short 
circuit. Franklin’s method permits to measure 
the charges, which before the short circuit exist 
in the dielectric. It is the most direct way to 
demonstrate the type of conduction which is 
mainly responsible for the permanent polariza- 
tion of solid dielectrics. 

The mechanism of conduction across the di- 
electric-electrode interface is not well known. The 
nonlinear voltage dependency, which is charac- 
teristic of the production of the homocharges, 
and the enormous relaxation time, which is 
characteristic of their complete disappearance, 
indicate that this is not simply a flow of elec- 
tricity over the surface of the dielectric from 
points of contact with the electrodes. When the 
surfaces of the dielectric or the electrodes are 
rough or are separated from each other by a 


16M. Faraday, Experimental researches in electricity 
(Richard and John Edward Taylor, London, 1839), vol. I, 
series XI, ‘‘On static induction.’’ Some information is also 
given by H. Bouasse, Cours de magnétisme et d’électricité 
(Delagrave, Paris), vol. III, ‘‘Etude du champ électrique,” 


p. 178. 
17 Ref. 16, p. 390, art. 1245. 
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thin sheet of air, corona transfer may occur.!® At 
medium potential differences, humidity on the 
surfaces apparently favors the effect. But neither 
a perfect contact!® nor the complete absence of 
humidity will prevent the appearance of the 
homocharges or lessen their permanence. One 
necessary condition for the transfer of electricity 
between dielectric and electrodes on a large scale 
certainly is the existence of a high field intensity 
in the interface. Dielectric absorption of the 
type previously discussed increases this field and 
creates conditions favorable for the production 
of homocharges. 

The idea of the penetration of charge into the 
dielectric represents the oldest theory of residual 
charge and dielectric absorption. Later it was 
shown that the anomalous charging and dis- 
charging currents which were observed with 
homogeneous dielectrics could not be accounted 
for in this way. (Macroscopic heterogeneities 
may yield a reversible flow of electricity into the 
dielectric.) And now it is frequently stated that 
the idea itself may be disregarded.*® The re- 
examination of the problem made necessary by 
this contradiction of the conclusions drawn from 
the study of the permanent polarization shows 
that the homocharge effect has indeed no relation 
to the anomalous discharging currents of the 
familiar type, but that it may cause another 
characteristic kind of dielectric after-current: the 
decay of the homocharges, after the short circuit, 
proceeds partially by conduction across the di- 
electric-electrode interface, partially by conduc- 
tion and recombination within the dielectric. 
The first process does not give rise to current in 
the external circuit, because the conduction cur- 
rent across the interface is compensated by a 
displacement current in the converse direction. 
But the “‘internal’’ decay of the homocharge is 
accompanied by an uncompensated displacement 
current across the interface. Accordingly, a cur- 
rent rises in the external circuit; its direction 
is opposite to that of the normal discharging 
current. While frequently masked by an anoma- 


18 This interpretation is given by S. Valentiner, ‘“‘Grund- 
lagen d. Lehre v.d. Elektrizitaet und des Magnetismus,” 
in Mueller-Pouillet, Lehrbuch der Physik (F. Vieweg, 
Braunschweig, 1932), vol. IV, part I, p. 152. 

19S, Mikola, ref. 11. 

20 E. v. Schweidler, ‘‘Die Anomalien der dielektrischen 
Erscheinungen,”’ ref. 9, p. 246. 
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lous discharging current of the familiar type, it 
may be detected under certain conditions that 
favor the “‘internal’’ decay of the homocharges or 
diminish the production of heterocharges, for 
instance, by heating of the shorted condenser or 
when the period of exposure to the externally 
applied field has been very short. Then one has 
the amazing aspect of a ‘‘discharging”’ current 
in the shorted condenser set up in the same 
direction as the normal charging current. Analo- 
gously, after a sudden open circuit, the potential 
difference between the insulated electrodes may 
rise with a polarity opposite to that of the 
previously applied potential difference. These 
current and voltage reversals can be used to 
trace the presence of homocharges in nondis- 
sectible condensers, where the electrodes are in 
perfect contact with the dielectric.” 


THE ELECTRET 


The name electret was introduced by Oliver 
Heaviside” to denote a dielectric having a perma- 
nent electric moment per unit volume, analogous 
to the magnetic moment of the permanent mag- 
net. Later, M. Eguchi* obtained bodies of this 
kind from mixtures of waxes and resinous ma- 
terials (consisting mainly of carnauba wax), 
which had been melted and then allowed to 
solidify while exposed to strong electric fields. 
He described the electret as a “dielectric which 


- is electrized permanently by a special treatment 


due to the author.”’ In a more general way, the 
electret is considered to be sufficiently charac- 
terized by the existence of an electric moment of 
the body as a whole: ‘‘Essentially, an electret is 
a sheet of dielectric that retains an electric mo- 
ment after the externally applied electric field 
has been reduced to zero.’ 


21 Measurements are reported by B. Gross, An. Brasil. 
Acad. Ci. 15, 63 (1943). 

2 Q. Heaviside, Electrical papers, vol. 1, §12, ‘‘Electriza- 
tion and electrification. Natural electret.”’ 

23M. Eguchi, Phil. Mag. 49, 178 (1925). Recent research: 
E. P. Adams, J. Frank. Inst. 204, 469 (1927); A. Gemant, 
Phil. Mag. 20, 929 (1935), Rev. Sci. Inst. 11, 65 (1940), 
Phys. Rev. 61, 79 (1942); P. A. Thiessen, A. Winkel and 
H. Herrmann, Physik. Zeits. 37, 511 (1936) ; G. Groetzinger 
and H. Kretsch, Zeits. f. Physik 103, 337 (1936); H. Frei 
and G. Groetzinger, Physik. Zeits. 37, 720 (1936); W. M. 
Good and J. D. Stranathan, Phys. Rev. 56, 810 (1939); 
W. J. Dodds and J. D. Stranathan, Phys. Rev. 60, 360 
(1941); G. E. Sheppard and J. D. Stranathan, Phys. Rev. 
60, 360 (1941). 

24 R. M. Sutton, ref. 4, p. 255. 
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The permanent polarization of Eguchi’s electret 
is caused by leakage of charge from the plates. 
Immediately after preparation of an electret, 
heterocharges are found. But these charges decay 
rapidly ; within some days a reversal of polarity 
takes place and homocharges grow up, reaching, 
within a month, a final value. Afterwards, the 
field remains constant if the electret is kept 
shorted in dry air. Heating or scraping of the 
surfaces or washing with chemical reagents may 
cause a temporary disappearance of the homo- 
charges, but does not destroy them definitely, as 
testified by the fact that they reappear sooner or 
later in full strength. Generally, a dipolar effect 
is taken for granted. According to Harnwell :* 
“It is found that the volume polarization is 
‘frozen in’ and remains after the field has been 
removed. The molecules are free to orient them- 
selves in the liquid state, but owing to the 
constraints of the solid state retain their orienta- 
tion over long periods of time.’’ Measurements 
of x-ray diffraction?® and of the thermal con- 
ductivity in directions parallel and transverse to 
the field?? show the expected anisotropy of the 
carnauba wax electret. As the dipolar polariza- 
tion should be of a sign opposite to that of the 
polarizing surface, it explains easily the tem- 
porary heterocharges, but does not account for 
the homocharges. And so the polarity reversal is 
contrary to expectation. But this reversal does 


26G. P. Harnwell, Principles of ons and electro- 
magnetism (McGraw- Hill, 1938), p 


26 R. D. Bennett, Phys. Rev. 37, “103 (1931); M. Ewing, 
Phys. Rev. 36, 378 (1930). 
7G, Groetzinger, Physik. Zeits. 37, 589 (1936). 


RIMENTS ON 


CONDENSERS 329 
not necessarily mean that the dipolar effect has 
ceased to exist; it can be interpreted by means 
of the assumption, first formulated by Adams,” 
that the field corresponding to the ‘“frozen”’ 
volume polarization becomes compensated by the 
field of ionic charges of the opposite sign con- 
centrated near the surfaces of the dielectric. If 
the time constant for the decay of the orientation 
of the dipoles is smaller than that for the decay 
of the corresponding ‘‘compensation’’ charge 
(which corresponds to the homocharge of the 
electret), the sign of the latter prevails. Adams 
supposed the accumulation of the compensation 
charge to be accomplished by conduction within 
the dielectric. But it has been pointed out by 
Winkel, Thiessen and Herrmann*® and by Gross*® 
that the homocharges in Eguchi’s electret are 
caused by the same mechanism as is effective in 
dielectrics to which no heat treatment has been 
given, that is, to leakage of charge from the plates 
to the surface of the dielectric. And this effect was 
first demonstrated, although not recognized, by 
Franklin. 
ok * ok 

1 wish to express my gratitude to the Director 
of the National Institute of Technology, Pro- 
fessor E. L. da Fonseca Costa, who made this 
study possible, to Professor J. Costa Ribeiro for 
much helpful advice, and to Mr. H. S. Polin for 
his assistance in the preparation of the paper. 
I am indebted to Professor A. G. Worthing, who 
presented the paper, in an abridged form, at the 
meeting of the Association. 


28 B. Gross, Phys. Rev. 66, 26 (1944). 


Observations and Experiments on Condensers with Removable Coats 
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N a paper on “The experiment of the dis- 
sectible Leyden jar’ by B. Gross! read at a 
meeting of the American Association of Physics 
Teachers on January 14, 1944, the author con- 
tended that the intense spark from such a jar is 
obtained only when the dielectric possesses either 


1B. Gross, abstract, Am. J. Phys. 12, 111 (1944). 


(t) ionic conduction with the formation of high 
resistance layers near the electrodes or (iz) 
hindered orientation of dipole molecules. 

A difference of opinion arose among those 
present as to just what the experiment with the 
dissectible jar illustrates. At the time, I sup- 
ported the view that the spark which is obtained 
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from the jar after it has been taken apart and 
put together again shows nothing more than that 
during the charging of the jar some of the charges 
spread from the coatings onto portions of the 
glass surfaces not in contact with the metal and 
are retained there, at least in part, after the jar 
is taken apart.” 

In support of this explanation, one of the 
members present cited a paper by Addenbrooke’® 
in which it was shown that when the glass of the 
jar is very dry the experiment fails to function. 
However, it should be noted, because of what is 
to follow, that Addenbrooke in his experiments 
did not use any potentials higher than 600 v. 

Owing to existing differences of opinion as to 
what process plays the most important role in 
the demonstration experiment in question and 
because there is a scarcity of quantitative data 
bearing directly on the subject, on which final 
judgment must be based, I undertook to measure 
the charges involved in the several steps of the 
experiment, using potentials up to the highest 
that could be managed. Although the accuracy 
attained was not always high, nevertheless the 
experiments adequately evaluate the existing 
charge relationships and throw additional light 
on some of the processes in operation, and so are 
believed to be helpful to a better understanding 
of the problem. Because of its detailed character, 
most of the data here presented are placed 
purposely near the end of the paper. Some of it 
was obtained with voltages below that necessary 
to produce the effect for which the dissectible 
jar is noted, and a part of this may be of special 
interest only to those concerned with the study 
of the dielectric properties of glasses of very 
high resistivity. 

Two common misconceptions on this subject 
will be considered briefly here. The statement 
that the seat of the energy of a condenser is the 
dielectric is, at times, misinterpreted to mean 
that the energy associated with the mechanical 

strains in the dielectric, arising from its polarized 


* After my paper was submitted for publication, I saw 
in manuscript the revised version of Dr. Gross’s paper 
which appears in this issue. In it he now considers the 
passage of charge from the coats to the glass during the 
charging of a highly charged dissectible Leyden jar as 
the crucial factor for the production of the strong spark 
obtained from the jar when reassembled after dissection, 
a view which is fully supported by my experiments. 

3G. L. Addenbrooke, Phil. Mag. 43, 489 (1922). 
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state, is identical with the electrical energy of 
the condenser. However, these mechanical strains 
are only incidental to the polarization and con- 
tribute nothing to the electrical energy. An air 
condenser, where such strains do not exist, 
actually possesses more electrical energy for the 
same charge than does a similar condenser having 
a solid dielectric, the polarization of which re- 
duces the field and thus the potential difference 
between the plates. The electrical energy of the 
condenser, in the latter case, is associated partly 
with the charges on the coats and partly with 
the polarized state of the dielectric. 

It is sometimes assumed that the charge 
obtained from the insulated coat of a reassembled 
dissectible condenser is derived directly from the 
adjacent face of the polarized dielectric. But the 
sign of such a charge would be opposite to that 
actually found, and, moreover, a dipole molecule 
will not part with its charge so readily. Nor can 
the charge obtained from the reassembled con- 
denser be the free portion of the charges induced 
on the coat by the polarized dielectric, since this 
would again make it of the wrong sign. 


PROCESSES INVOLVED IN DISSECTIBLE 
LEYDEN JAR 


A general description will be given at the 
outset, in this and the following section, of the 
way a condenser with removable coats is be- 
lieved to function under different conditions, 
although the evidence for some of the views 
presented, which for the most part are not 
original,‘ will appear in later sections. 

The air spaces between the glass and the 
coats, which constitute the sole characteristic 
of the loose-coated condensers, offer a possibility 
for the opposite charges on the two coats to 
move closer to each other and thus diminish the 
potential energy of the system. The two ways in 
which this closer approach can be attained are 
disruptive discharges across the air spaces and 
conductivity over the surface of the glass from 
places where this is in contact with the charged 
coats to other points which, owing to the un- 
evenness of the surfaces, are at a lower potential. 

When surface conduction is present, it is 
active at all voltages but usually is comparatively 


4 Muller-Pouillet, Lehrbuch der Physik (Vieweg, Braun- 
schweig, 1932), Vol. IV, p. 152. 
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slow in producing results. Disruptive discharges, 
on the other hand, act very quickly but function 


only in strong electric fields. Since the experi- © 


ment with dissectible jars is normally carried 
out with high voltages, such charges as are 
transferred from the metal coats to the glass 
surfaces are probably carried over, mainly, or at 
least during the initial stages, by disruptive dis- 
charges. Surface conduction, if present, then acts 
to complete the transfer and, if enough time were 
allowed, would eventually leave the coats with 
little or no charge. The last result is not realized 
when dry glass surfaces are used. 

It should be noted that, owing to the polariza- 
tion of the glass, the electric fields in the narrow 
air gaps between the glass and the coats of the 
condenser are very much stronger than would 
otherwise be the case, and hence the conditions 
there are highly favorable for the initiation of 
disruptive discharges, except where the gaps are 
extremely minute. 

Two limiting cases will now be mentioned, and 
for simplicity a plate condenser with one coat 
grounded will be used as an example. First, 
suppose the surface of the glass to be practically 
nonconducting and the charging voltage used 
insufficient to start disruptive discharges to the 
glass. Any charge given to the insulated plate 
will remain on the plate, and the glass will carry 
charges arising solely from its polarization. The 
only charge the condenser can deliver on dis- 
charge, after having been taken apart and re- 
assembled, is the free portion of the charge 
induced on the plate by whatever polarization 
still remains in the glass at the time of the 
discharge. This charge will be of opposite sign 
to that given the condenser. 

At the other extreme would be a condenser in 
which the portions of the glass surfaces next to 
the plates are good conductors. Here, practically 
all of any charge given to the removable coat 
would quickly pass to the glass surface and would 
remain there when the coat was taken away. 
The same quantity of electricity would be ob- 
tained from the discharge of this condenser, 
whether discharged without dissection, or after 
reassembling following dissection, or even by 
connecting together the two conducting surfaces 
of the glass while the coats are removed. Such a 
condenser was readily realized by painting the 
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glass under the removable coats with aluminum 
paint. 

In the dissected jar experiment as usually 
carried out, the condition of the surface of the 
glass is intermediate between that of the two 
cases just described. If the humidity is low the 
conditions are nearer to those in the first case 
considered. However, the voltages used are 
generally high enough for disruptive discharges 
to pass between the coats and the glass, and 
when the condenser is charged a part of the 
charge given to it remains on the coat and a 
part has gone to the glass surface. 

In humid weather the glass surfaces may 
conduct so well that most of the charge given to 
the condenser plate is rather quickly transferred 
to the glass and vice versa on discharge. Hence, 
larger effects are to be obtained from a re- 
assembled condenser under these conditions than 
during very dry weather, provided the surface 
of the glass outside of the portion covered by 
the plates is coated with some material that 
prevents leakage of the charge from one electrode 
to the other around the edges of the glass. 

Once charges get onto the surface of the glass, 
they will remain there in large part during the 
dismemberment of the condenser and even while 
it is being put together again after the top plate 
has been temporarily grounded, provided the 
charge on the glass was not large enough to 
initiate disruptive discharges back to the plate. 
Under this restriction, while the top plate of the 
condenser is being replaced on the glass or while 
the inner coat of a Leyden jar is being inserted 
into its charged glass vessel, the process is en- 
tirely analogous to the approach of the metal 
disk of an electrophorus to its charged base 
plate. There are here the same free and bound 
charges on the coat as on the disk of the electro- 
phorus. The spark that accompanies the joining 
of the two coats of the assembled jar results 
wholly from the passage of the free charge. 

The experiment of the dissected jar usually 
ends here. However, the equal bound charge still 
remains on the inner coat in the jar, as can be 
verified by pulling the coat out and measuring 
its charge. Experiments to show this were made 
with a parallel-plate condenser, as better suited 
for the purpose, and good agreement was found 
between the quantities obtained from the dis- 
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charge of the reassembled condenser and that on 
the plate of the condenser when lifted, so long as 
the potential to which the condenser was charged 
was not more than about 5000 v. The lower 
plate of the condenser was kept grounded con- 
tinuously. Thus, after the condenser was charged 
to +4000 v, it was taken apart and its top plate 
momentarily grounded; and after reassembly, 
the condenser delivered a charge of +247 esu. 
The top plate was now raised and on discharge 
through the ballistic galvanometer was found to 
have a charge of —243 esu. When a charging 
potential of +6000 v was used, the two charges 
similarly obtained were +672 and —612 esu, 
respectively. Evidently the disparity between 
these charges was here caused either by some of 
the bound charge getting from the plate to the 
glass while the plate’s potential was falling to zero, 
or by a loss of charge by brush discharge from 
the plate after it was raised from the glass plate, 
when its potential must have risen to about 35 kv. 
With still higher charging potentials, the inequal- 
ity between the two charges became much larger, 
probably for both of the reasons just given. 

As is true for the electrophorus, the discharged 
inner coat of a Leyden jar may be inserted into 
the still charged glass jar time and again, and 
the afore-mentioned experiment repeated, pro- 
vided the jar leakage is not large. In this way a 
loose-coated Leyden jar, initially charged to 
+9500 v, was dismantled as many as nine times 
in succession before the charge delivered by the 
reassembled jar fell to half-value ; and, moreover, 
a clearly visible spark was seen each time the two 
coats of the dismantled jar were being brought 
into contact. Sparks well over 12 mm in length 
have often been observed on bringing together 
the two coats of a dismantled condenser which 
had been charged to not more than 6000 v. 

Those who fail to observe any sparks at all, under the 
dry conditions here used, may perhaps be bringing the 
coats together too cautiously. The time element is most 
important, for the inner coat on being raised acquires a 
relatively high potential owing to which it rapidly loses a 
large portion of its charge by rather invisible brush dis- 
charges, often heard even when not seen in daylight. 
A good procedure is to strike the two coats together 
vigorously as soon as possible after removal from the glass 
jar. A spark is sure to bridge the last portion of the gap 
before the coats can collide! Naturally, no spark can be 


expected if the glass surface conducts well enough to take 
away most of the charge from the metal coat. 
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DIELECTRIC POLARIZATION, ABSORPTION 
AND CONDUCTIVITY 


The behavior of condensers is often compli- 
cated by effects arising from lag in polarization, 
absorption and abnormal conductivity of the 
dielectric,> some of which still remain unex- 
plained; and the charges delivered by a dis- 
sectible Leyden jar after it has been reassembled 
may not result wholly from the charges that 
were transferred from the coats to the glass 
during charging, for associated with the effects 
of these there may be other charges of like sign 
which arise especially from dielectric absorption. 

An account will now be given of a role that is 
played in condensers by the lag between the 
field applied to a dielectric and the polarization 
induced by it. Suppose a low voltage is applied 
to a condenser one coat of which is kept grounded. 
The polarization of the glass dielectric and hence 
the capacitance of the condenser do not reach 
their final values instantly and the charging time 
is thereby prolonged. After the equilibrium state 
is reached, the charges at the surfaces of the 
glass arising from its polarization are necessarily 
smaller than the charges on the coats since a 
remanent field remains in the glass. If the 
charged coat is now earthed momentarily, a part 
only (about one-half in the condenser used in 
Table III) of its charge will flow to ground, as 
the remainder is held bound by the polarized 
glass. However, the smaller charge remaining on 
the coat cannot maintain the polarization at its 
full value and this gradually diminishes (owing 
to thermal agitation of the molecules, volume 
conductivity of the glass, release of mechanical 
strain) to a value that corresponds to the lower 
charge on the coat. The lowered polarized state 
binds only a portion of the charge left on the coat 
and hence if this is grounded again, a current 
will result once more; and this process may be 
repeated. Qualitatively at least, this behavior 
duplicates the appearance of residual charges 
from condensers, which are attributed to di- 
electric absorption. 

Had the afore-mentioned condenser been a 
dissectible one, then when the coat was removed 
from the glass, its polarization would gradually 


5J. B. Whitehead, Dielectric theory and insulation 
(McGraw-Hill, 1927), p. 17. A. F. Joffé, The physics of 
crystals (McGraw-Hill, 1928), p. 67. 
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vanish and if the condenser were now reassembled 
the coat would not acquire any charge. But if the 
dissectible condenser had been charged initially 
to such a high potential that some of the charges 
had sparked from the coats to the glass, the 
polarization of the glass would arise partly from 
the charges on the coats and partly from the 
charges on the glass. If the condenser were now 
dismantled, the polarization would gradually 
diminish to a value that corresponds to the 
charges on the glass only. In a sense the charged 
dielectric by itself still constitutes a condenser, 
with nonconducting coats. When the condenser 
is now reassembled, the net charge on the glass 
(the actual charge less the polarization charge) 
will act inductively on the insulated coat from 
which charges may be taken both on grounding 
while in place and again on removal from the 
glass, as with an electrophorus. The voltages 
usually used in performing the dissectible jar 
experiment are so high, and hence such a large 
charge is transferred to the glass in the charging 
process, that during the discharge of the re- 
assembled condenser some of this charge sparks 
back from the glass to the coat. 

It is believed that normal volume conduction 
in the glasses of the condensers used in the 
experiments had no disturbing effect on the 
general nature of the results to be reported, 
presumably contributing merely to the slow dis- 
sipation of the charges of the condensers. 

The same procedure was roughly followed 
throughout in making the measurements; the 
charging voltage was, as a rule, applied for only 
about 2 or 3 sec, the condensers were discharged 
in about 5 sec after charging and the discharge 
time was limited to but a small fraction of a 
second. Thus the condensers were never fully 
charged, and while the charges on the glass were 
usually neutralized between readings by exposing 
the glass to the hot gases above a Meker burner, 
still the past electrical history of the glass was 


doubtless not altogether obliterated by this 
treatment. 


BENJAMIN FRANKLIN’S EXPERIMENTS 
Franklin devised the experiment of the dis- 
sectible Leyden jar* while he was seeking to 
6 Benjamin Franklin, Experiments and observations on 


electricity, ed. by I. B. Cohen (Harvard Univ. Press, 1941), 
Letter IV, 16, 17, p. 191. 
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locate the seat of the electric charge in such jars. 
The jar he used first consisted of a flask partly 
filled -with water. After charging the jar through 
a rod placed in the water, he poured out the water 
that had served as the inner coat of the jar and 
on replacing it with fresh water found that the 
jar had retained its power to give shocks. From 
this he concluded that ‘‘the whole force of the 
bottle and the power of giving a shock is in the 
glass itself.’’ Since in Franklin’s arrangement 
there was no air space between the glass and the 
inner water coat, the explanation given in a 
previous section of what takes place in a dis- 
sectible jar does not appear valid. However, in 
reality, his Leyden jar was not fully taken apart. 
Although he did pour much of the water out of 
the bottle, the water poured out had not possessed 
any appreciable charge to begin with. The thin 
outer skin of water, which was the real inner 
coat of the jar and so carried practically all of 
its charge, doubtless did not come out of the 
bottle as it was held firmly in place by molecular 
and electric forces. An experimental proof of this 
assertion will be given directly. 

Franklin repeated his first experiment with 
equal success with another condenser that was 
made simply by placing a sheet of glass between 
two lead plates. Naturally this condenser per- 
mitted a real removal of both coats from the 
dielectric, together with whatever charges they 
possessed, leaving behind the charges that had 
sparked to the two sides of the glass, which be- 
came active when the condenser was reassembled. 

Franklin’s first experiment with the bottle of 
water was repeated by the present writer in a 
somewhat modified form. The inner coat of an 
ordinary dissectible jar was replaced by water, 
and enough water was also put between the glass 
jar and the outer coat to fill the whole of this 
space. A metal rod placed inside the jar served 
as the terminal of the inner coat. The outer 
coat was kept grounded continuously. The upper 
portion of the glass jar was coated with paraffin 
wax to prevent the formation of a water film 
over this portion of the jar. 

The charges delivered by the jar at discharge 
were measured both for the undissected jar and 
for the jar assembled after it had been taken 
apart. The charging potentials used were 2000 
and 6000 v, and the charging time was 5 sec in 
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each case. The results may be summarized by 
saying that the quantity given up by the re- 
assembled jar was somewhat more than one-half 
of that obtained by discharging the jar without 
taking it apart. The actual charges found for the 
two operations were, respectively, 2110 and 4130 
esu when 2000 v were used, and 8370 and 14,700 
esu when 6000 v were used to charge the jar. 

Incidentally, it may be stated that the ab- 
sorbed charge observed on discharging the con- 
denser a second time, about 15 sec after the first 
discharge, whether this was the main discharge 
before dissection of the jar or the discharge of 
the reassembled jar, was on the average 650 esu 
when the jar had been charged to 2000 v, and 
1630 esu for 6000 v. 

The next procedure was to coat the glass jar 
with some substance that would permit the re- 
moval of the thin films of water on the dielectric 
which carry all of the charge of the condenser. 
The glass jar was carefully dried by heating and 
then completely covered inside and outside with 
a layer of paraffin wax to which water does not 
readily adhere, and then the experiments with 
the water coats were repeated just as they had 
been done before. 

Surprisingly enough, when the charged jar was 
now dismantled the paraffin-coated glass surfaces 
were found to be covered with myriads of small 
water droplets which adhered most tenaciously 
to them, doubtless because of electrostatic attrac- 
tion. A part of these droplets was knocked off by 
tapping the rim of the jar against a table; and 
while those that remained covered only a small 
portion of the total surface, still their combined 
charges must have been quite appreciable. 

When the jar was charged to 6000 v, the 
average of three determinations of the charge 
delivered by it before it was taken apart was 
10,200 esu, whereas the three values of the 
charge obtained from the jar after it had been 
dismantled and again reassembled were only 160, 
810 and 230 esu. Although the addition of the 
paraffin wax diminished somewhat the capaci- 
tance of the jar, nevertheless these numbers are 
so small compared to the 8370 esu obtained 
under the same circumstances before the surface 
of the glass jar had been coated with wax, that 
the result is considered a strong confirmation of 
the contention that films of water adhering to 
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the surfaces of the emptied jar of a water-coated 
condenser continue to serve as real coats of the 
condenser, and hence when the Leyden jar is 
dismantled it is merely being stripped of non- 
functioning accessories. 

The residual charges found for this paraffin- 
coated condenser, after it had been charged to 
6000 v, by discharging it a second time about 
10 sec after the main discharge, were 1530 esu 
for the initial condition of the jar and only 
340 esu after the jar had been dismantled and 
reassembled. 


EVIDENCES OF DISRUPTIVE DISCHARGES 
INSIDE CONDENSERS 


To test the surmise that, during the charging 
of the loose-coated Leyden jars under study, 
disruptive discharges must occur in the air gaps 
between the coats and the glass dielectric, evi- 
dence of such discharges was sought by the aid 
of Lichtenberg figures. A parallel-plate condenser, 
having circular plates of diameter 15 cm, was 
used for this study. The upper plate was slightly 
concave on its lower side so that its center was 
about 0.13 mm above a plane passing through 
its periphery. This feature made it especially 
suitable for studying the effect under investi- 
gation. The lower plate of the condenser was 
kept grounded, and after the upper plate had 
received a charge of known voltage it was re- 
moved from the glass plate, onto whose surface 
some powdered sulfur with or without an ad- 
mixture of red lead was then sifted through the 
cloth of a bag containing it, so as to bring out 
the Lichtenberg figures for showing the presence 
and distribution of the charges. 

The following typical result was obtained when 
the glass of the condenser was 2.7 mm thick and 
the applied potential was +9000 v. The sulfur 
powder sifted onto the glass, after the top plate 
had been lifted without discharging it, brought 
out an astonishingly beautiful design. The whole 
portion of the glass surface which had previously 
been covered by the metal plate was now filled 
with branched, positive Lichtenberg figures, some 
500 in number, each having a diameter, for the 
most part, of about 6 mm; and, in addition, this 
whole central area was surrounded by myriads 
of radial lines, 7 to 10 mm long and less than 1 
mm apart. 
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When the experiment was now repeated with 
—9000 v on the upper plate, after the glass plate 
had been cleaned and discharged, the design on 
the glass consisted of over 200 characteristic 
negative spots with diameters between 1 mm 
and 1 cm, but mainly about 3 mm. Surrounding 
the area which had been covered by the metal 
plate was a space, 4 to 5 mm wide, quite free of 
sulfur powder. 

Thus there is convincing evidence that in 
loose-coated condensers charges are carried by 
disruptive discharges from the charged electrodes 
to the glass plate across the air spaces separating 
them, provided the applied potential is suffi- 
ciently high. 

The figures obtained were not often distributed over the 
glass area as uniformly as they were in the examples cited. 
Usually figures did not appear on a part of the area. 
Patterns were even obtained in which positive and negative 
figures appeared at the same time. These were found when 
the top plate of the condenser was temporarily grounded 
before removal. After being thus grounded the charge on 


the plate is reversed in sign and some of this charge may 
then have sparked to the glass. 


Since disruptive discharges are self-luminous, 
a simple way to look for them in these condensers 
is to watch a condenser in the dark while it is 
being charged. Such observations have been 
made in a darkened room with the afore-de- 
scribed plate condenser and also with a loose- 
coated Leyden jar. With both of these, a very 
distinct glow was observed between the plates 
at the moment the charging voltage was applied 
when this potential was 7000 v or higher, but 
no light was seen when the charging voltage was 
only 1000 v less than this value. Measurements 
made on the charge given to a glass plate, by the 
disruptive discharges that occur when a charged 
conducting sphere is touched to the glass, show 
that this charge diminishes quite rapidly .with 
the voltage on the sphere and becomes quite 
small for potentials below 6000 v, and hence 
under these conditions only very faint luminosity 
should be expected. 


APPARATUS USED FOR MEASURING CHARGES 


The apparatus used for measuring the charges 
found on different parts of a condenser, during 
the operations of taking it apart and reassembling 
it, will be described briefly. The potentials em- 
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ployed were obtained from a Wimshurst machine 
driven at constant speed by a motor and supplied 
with four large Leyden jars for stabilization. 
They were measured by Braun-type voltmeters 
with ranges of 3500 and 10,000 v. A potential 
of any desired value could be obtained by shunt- 
ing the appropriate part of the supply current 
to ground through a variable high resistance 
made of lines of India ink on drawing paper. 

The charges were measured by an ordinary 
current galvanometer used as a ballistic galva- 
nometer. To prevent sparking in the galvanom- 
eter coil and shunts, the current surges were 
prolonged by placing in the circuit a short piece 
of string which was kept uniformly wet by 
having one of its ends dipped in an insulated 
beaker of water. The instrument was calibrated 
with the aid of a standard condenser and, with 
the most sensitive shunt and small quantities of 
charge, gave a deflection of 1 cm for a passage of 
50 esu. 

A large sheet of metal was placed between the 
galvanometer and the high voltage apparatus to 
shield the former from induction effects. The 
charges to be measured were delivered to the end 
of a metal rod which was connected to the 
galvanometer and which passed through an insu- 
lation plug inserted in a hole in the metal screen. 

No special precautions were taken for keeping 
the glass dry because the experiments were made 
in an overheated room during the winter months 
when the outdoor temperatures were below 
freezing for the most part and when the humidity 
was low. 


CHARGES ON THE GLASS DIELECTRIC 


A polarized dielectric should not show any 
net charge since its two charges are equal and 
opposite. However, when charges pass from the 
two coats of a Leyden jar to the glass, they 
need not be equal because the conditions for such 
transfer are not alike on the two sides; and some 
rough measurements were made to determine the 
net charge on the glass of a condenser after 
the latter had been discharged and then taken 
apart. 

A metal waste-paper basket was placed on an 
insulating stand, to serve as a Faraday cylinder, 
and was connected to the galvanometer. The 
procedure followed was to put the charged glass 
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plate into the basket and then, after the galva- 
nometer coil had come to rest, to jerk the plate 
out of the basket as fast as possible and read 
the deflection. To find the error involved in the 
method, a conductor provided with an insulating 
handle was charged twice to the same potential 
and galvanometer readings taken, first when the 
conductor was discharged directly through the 
galvanometer and then when it was quickly 
pulled out of the Faraday cylinder. It was found 
that when the body was pulled from the cylinder 
the readings obtained had to be increased about 
35 percent to reduce them to true values. Thus a 
correction of this amount has been added to all 
the readings to be given below, although doubt- 
less the correction should vary somewhat with 
the size of the deflection. 

A parallel plate condenser with metal disks of 
diameter 15 cm was used throughout the experi- 
ments. The glass plate first used for the dielectric 
was 2.7 mm thick. Measurements made to find 
if the glass carried any net charge immediately 
after the condenser had been discharged showed 
little or no charge for charging potentials up to 
3000 v. Apparently, for these potentials only 
feeble, if any, discharges had passed to the glass 
(see Table III, column 2). For potentials between 
4000 and 8000 v, the glass carried a net charge 
which was not greatly different for the different 
potentials and on the average was roughly 1000 
esu, and of the same sign as the charging voltage. 

Similar experiments were next made with two 
similar glass plates forming the dielectric of the 
condenser. The glass plates used each had a 
thickness of 1.7 mm, and the charges were now 
measured on dismantling the condenser before 
it was discharged. 

The following procedure was employed. After 
the condenser had been charged to the desired 
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voltage, the still charged top disk and the glass 
plates were lifted together from the grounded 
lower disk. The top disk was next removed from 
the glass plates and these were then pulled apart 
—at times, against strong electric forces. The 
charge on each glass plate was now measured as 
previously described, and the condenser was then 
reassembled and discharged through the galva- 
nometer. Before each experiment, any charges 
remaining on the glass plates were as usual 
removed by holding these over the flame of a 
Meker burner. 

One set of such observations, together with 
some other measurements, is given in Table I. 
The charges, here and in tables that follow, are 
expressed in terms of galvanometer deflections, 
1 cm of which represents 50 esu of charge. The 
charges found on the lower and upper glass 
plates (columns 1 and 2, Table 1) are net charges 
only and these are seen to be quite large; but 
the actual numbers must be taken to show 
nothing more than the general trend of such 
values, because in two other similar sets of obser- 
vations individual values of the charges at times 
differed as much as 20 percent from those given. 

That the charges on the lower glass plate are 
larger than those on the upper one is possibly at- 
tributable to the known better flatness of the 
lower disk of this condenser, whereby the air 
spaces between it and the adjacent glass plate were 
less deep and hence more easily bridged by brush 
discharges. In any case, in a set of similar obser- 
vations taken much later, after the upper disk had 
been ground down so as to be more nearly flat, 
the charges on the upper glass plate were now 
found to be larger than those on the lower plate. 

Column 5 of Table I gives some values of the 
charges delivered by the condenser immediately 
after it was charged to different voltages. 

Some experiments were also made in which 
three similar glass plates were used in the con- 
denser. When the condenser was charged to 
+5000 v the central glass plate was found to 
have a net positive charge one-fourth as large as 
that on the glass plate above it. The charges on 
this central plate must have been derived from 
disruptive discharges across the air spaces be- 
tween it and the other glass plates. That such 
discharges actually occur in these spaces was at 
once demonstrated by the appearance of num- 
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TABLE II. Net charges (cm) left after successive 
dismantlings of condenser. 


1. Lower glass 2. Upper glass 3. Reassembled 


— 19.0 
— 14.9 
— 10.2 
— 8.0 


— 0.40 
+0.22 
+0.76 
+0.96 


bers of positive Lichtenberg figures on the top 
surfaces of.all three glass plates, when dusted 
with sulfur powder after removal from the 
condenser. 

Inasmuch as these disruptive discharges occur 
on both sides of each of the three glass plates, 
the method used for measuring the charge on 
each of them gives only the difference between 
the opposite charges on its two sides. It would be 
of much more interest to know the values of 
each of the two charges acquired by each plate, 
but no way of finding them presented itself. 

A noteworthy feature of the results, shown in 
column 3 of Table I, is that the values of the 
charges delivered by the condenser, after it had 
been reassembled following the measurement of 
the charges on the glass plates, are all remarkably 
small. Such charges when quite small frequently 
were of opposite sign to that of the charging 
voltage. These numbers are to be compared with 
those shown in column 4, which also gives the 
charges obtained from the same condenser after 
it had been reassembled, only here the two glass 
plates were not separated from each other while 
the condenser was dismantled. 

Some time later, after the top disk of the 
condenser had been ground down so as to be more 
nearly plane, the observations of column 3 were 
repeated, and the values now obtained were 
considerably higher than those given in column 3 
but were still only about a fourth part of those 
given in column 4. ; 

Just how the separation of the glass plates 
results in such a redistribution of the charges on 
them that their combined inductive effect on the 
top disk of the reassembled condenser is so 
greatly reduced, is not understood. 


That the large difference between the values in columns 
3 and 4 of the table does not arise in the main from a loss 
of charge by the two glass plates during the time their 
charges were being measured is evidenced by the results 
given in Table II, which were obtained by charging the 
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condenser to — 3000 v and, after dismantling it, measuring 
the net charges on its two glass plates, and then re- 
assembling and discharging it; and repeating this cycle 
four times in succession without giving the condenser any 
further charge. It is seen that while the net charges on 
the glass plates did decrease considerably with time, 
nevertheless a large charge was still present on the plates 
after the prolonged process to which they had been 
subjected. 


CHARGE RELATIONS UNDER 
VARIOUS CONDITIONS 


How much of the charge delivered to a con- 
denser of the type here under study gets trans- 
ferred to the surface of the glass dielectric, and 
how much of the total charge is lost by the con- 
denser during its discharge? These quantities 
may differ widely for different condensers and 
for the same condenser under different con- 
ditions. 

As an example, the data given in Table III 
were obtained with the same parallel plate con- 
denser previously described except that a glass 
disk 25 cm in diameter and 2.95 mm thick was 
used for the dielectric. Definite charges were 
given to the upper plate of the condenser while 
the lower plate was grounded. This was done by 
transferring known charges to it, by means of a 
universal discharger (metal tongs with hard 
rubber handles) having a capacitance of 6 cm, 
from the machine terminal which was kept at 
8000 v. The charge remaining on the discharger 
after each delivery to the condenser was also 
measured, and thus the total charge given to 
the condenser by any number of such transfers 
became known (column 1, Table III). 

The upper plate was now lifted from the con- 
denser and its charge measured (column 2). The 
charging process was repeated and the condenser 
discharged through the galvanometer (column 
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3); and after being charged once more the con- 
denser was taken apart, reassembled after the 
inner coat had been grounded, and again dis- 
charged through the galvanometer (column 4). 
The capacitance of the plate condenser was about 
238 cm and that of the upper plate or disk 4.7 cm, 
and hence the largest charge given to the con- 
denser raised its potential to less than 1900 v. 

Later measurements showed that for this 
potential little or no charge is lost by the disk 
by contact with the glass. However, when the 
disk was raised from the glass its potential would 
have gone up to more than 90 kv but for the 
fact that much of its charge was lost by brush 
discharges. It is quite certain that all of the 
entries in column 2 which are marked with an 
asterisk are too low because of such losses. For 
at least the two lowest charges of each sign given 
to the condenser, the table shows that the raised 
disk carries away all of the charge that had been 
given to it. Nevertheless, column 3 shows that 
on full discharge the condenser in all cases 
delivers only about half of the charge that was 
received by it. It is assumed that the remainder 
of the charge was bound in place by the polarized 
glass, and it follows that much of the polarization 
here persisted at least for a short time after the 
field producing it had disappeared. 

The charges obtained from the condenser after 
it had been taken apart and reassembled (column 
4) are again almost negligibly small. With the 
small potentials here used, the plate had lost 
none of its charge to the glass. 

The results of further experiments, in which 
now different known potentials were used for 
charging the condensers, are given in Table IV. 
The same plate condenser (A) and also a loose- 
coated Leyden jar (B) were employed. Included 
in the table are (column 2) the charges received 
by the top or inner coat when charged while 
separated from the condenser, and (column 3) 
the charges remaining on the same coat after it 
had been placed on the glass dielectric of the 
condenser while charged and then lifted. The 
readings show that for the plate condenser (A) 
the charged disk lost no appreciable part of its 
charge to the glass by being placed in contact 
with it while charged to potentials up to 2000 v. 
During all observations the second plate of the 
condenser was kept grounded continuously. 
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TABLE IV. Charges (cm) obtained with condenser 
charged to given potentials. 


4. Coat 

charged 

3. Charged on con- 
coat put denser, 
in place, then 
then lifted _ lifted 


2. Top 
coat 


1. Potential 
(v) alone 


5. Re- 
assembled charge 
(A) Plate condenser 


+0.16 +8.9 
0.32 11.2% 
0.43 11.4* 
0.61 11.7* 
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The results for the Leyden jar (B) in column 3, 
for corresponding potentials up to 2000 v, are 
quite irregular and may have been affected by 
the sliding of the coat over the surface of the 
glass jar in being put into and taken out of it. 
Column 4 gives the charges found on the lifted 
plate which had been charged to the stated 
potentials while in place on the condenser. The 
starred readings for condenser (A) here again do 
not represent the true charges owing to loss by 
brush discharges, as was proven by noting a 
glow on a binding post attached to the disk 
when the experiment was made in a darkened 
room. 

The charges obtained from the discharge of 
the reassembled condensers (column 5), after 
they had been charged to 2000 v, are seen to be 
about 10 percent of those obtained (column 6) 
from the condensers when discharged immedi- 
ately after being charged. 

For the higher voltages given, the charges from 
the reassembled condensers are relatively in- 
creasingly higher owing to the effects here of 
charges which had been transferred to the glass 
by brush discharges. 

A second dissectible Leyden jar, whose coats 
fitted the glass vessel tightly, delivered charges 
after being reassembled which, for charging 
potentials between 2000 and 4000 v, were fully 
twice as large, comparatively, as those shown in 
Table IV (column 5) for jar (B), whose coats 
fitted their glass jar very badly owing to a con- 
siderable difference of conical angle. 
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Many measurements were made, at different 
times and with several condensers, of the charges 
obtained from the condensers after they had been 
dissected and reassembled again, using charging 
potentials between 4000 and 10,000 v. In general, 
the results were not very concordant as the 
charges thus obtained varied from 15 to 40 
percent of the corresponding values of the charges 
delivered on full discharge of the condensers. 
However, the larger percentages tended to go 
with the larger voltages used. Presumably, the 
dissected jar experiment is usually carried out 
with potentials above 20 kv, and for such 
voltages a larger portion of the charge might be 
expected to get transferred to the glass and thus 
give rise to larger effects from the reassembled 
condenser. Unfortunately, experiments with these 
higher potentials were beyond the limits of the 
apparatus used. 


An interesting result was found with charging potentials 
between about 2000 and 4000 v, in that the charges ob- 
tained from a reassembled condenser, though small, were 
considerably larger for positive charges than for negative 
charges. This dependence of the result upon the sign of 
the charge is very likely caused by a difference in the dis- 
ruptive processes by which charges of the two kinds are 
transferred from the metal electrodes to the glass. It was 
found that when one of the metal balls of a charged uni- 
versal discharger is touched to a glass plate it loses much 
more of its charge when charged positively than when 
charged negatively.” 


SUMMARY OF CONCLUSIONS 


(1) The spark obtained from a highly charged dissectible 
condenser after it has been taken apart and reassembled is 
dependent, in the main, upon charge getting from the 
charged coat to the surface of the glass dielectric. 

(2) If charging potentials below about 2000 v are used 
for charging a condenser whose glass dielectric is dry, 
little or no charge is transferred from the charged coat to 
the glass during the charging process. When the coat is 
removed from the condenser, it carries away all the charge 
initially given to it, and the condenser when reassembled 
will deliver only a small charge because of polarization or 
absorption in the glass. 

(3) At a charging potential of about 3000 v, the glass 
begins to acquire charge by disruptive discharges passing 
across the air gaps between it and the coats. When now 
removed, the charged coat possesses a portion only of the 


7K. Przibram, Wien. Ber. 128, 1203 (1919). 
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charge that was given to the condenser, this portion 
decreasing as the charging potential increases. Owing to 
the presence of the charge on the glass, the reassembled 
condenser will, under these conditions, deliver a charge 
whose size will increase as the charging potential is in- 
creased. 

(4) For charging potentials between about 3000 and 
5000 v, little or no charge gets back from the glass to the 
insulated coat while the condenser is being reassembled, 
and the charge obtained from the reassembled condenser 
is solely the free portion of the charges induced on the coat 
by the charge on the glass. The action here is identical 
with that obtaining in the usual operations of an elec- 
trophorus. 

(5) With higher potentials than those just given, spark- 
ing does take place between the charged glass and the 
insulated coat, either while this coat is being replaced on 
the condenser or later when it is grounded during the act 
of discharging the condenser. When this sparking occurs, 
the charge obtained from the coat, after it has been re- 
moved from the glass a second time and replaced, will 
obviously be smaller than that obtained on the first trial. 

(6) Whenever the glass dielectric possesses appreciable 
surface conductivity, a transfer of charge also takes place 
by this process from the charged coat of the condenser to 
the glass, and this occurs even at low potentials. If time 
permitted, the coat would eventually lose all its charge to 
the glass by this means alone. 

(7) In case the surface conductivity of the glass is 
quite high and leakage in the condenser is prevented, then 
in a very short time all of the charge will have passed 


‘from the charged coat to the glass surface, and a maximum 


effect will be obtained from the condenser after it has been 
taken apart and again reassembled. 

(8) The presence of disruptive discharges between the 
coats of a condenser and its dielectric during the process 
of charging can be made evident by the use of Lichtenberg 
figures and, for the higher potentials, by luminous effects 
as well. 

(9) In Franklin’s experiment in which the Leyden jar 
used consisted of a bottle containing water, the pouring 
of the water from the bottle did not remove the real inner 
coat from the jar, since this consisted of a thin film of 
water adhering tightly to the glass. 

(10) Dielectric polarization and dielectric absorption 
apparently play a minor role in the discharges obtained 
from a reassembled dissectible condenser which had been 
charged initially to a high voltage. However, when the 
voltage used is so low that little or no charge escapes from 
the coats to the glass, these agencies are the predominant 
causes of the comparatively small charge delivered by the 
reassembled condenser. 

(11) In view of the facts here presented, it is believed 
that the dissectible jar experiment is not a highly in- 
structive experiment to perform in elementary classes. 


Schools need not preach political doctrine to defend democracy. If they shape men capable of critical thought and 
trained in social attitudes, that is all that is necessary.—Albert Einstein. 





The Nomograph as a Teaching Aid 


R. T. LAGEMANN 
Emory University, Emory University, Georgia 


URING the present war emergency, perhaps 
more than at any previous time, the physics 
teacher would welcome time-saving devices. Too 
often, under present increased teaching loads, we 
are tempted to save time by grading fewer 
papers, by setting up fewer lecture demonstra- 
tions, or by employing other schemes which, 
while enabling us to teach more hours, neverthe- 
less lower the quality of our instruction. 

One device found by many to act as a time 
saver is the nomograph, which is defined briefly 
as a chart for graphically solving equations, in 
which each variable is represented by one or 
more graduated lines. Once constructed, such 
diagrams are invariably more rapid and less 
difficult to use than a slide rule, and possess the 
further advantage that additive as well as multi- 
plicative operations can be performed at the 
same time. Engineers and, especially, chemists 
have utilized this device to great advantage. 
However, it appears to have found little favor 
with physicists, many of whom seem never to 
have had contact with it. 
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Fic. 1. Nomograph for solving the lens equation. 


When one recalls that in the course of a few 
years a teacher constructs and grades many 
problems and tests covering, semester after 
semester, the same familiar formulas, it is seen 
that a chart enabling one to calculate quickly the 
value of any variable from values of the others in 
an equation would have advantages. Three such 


nomographs illustrative of the many that can be 
made are presented here. The methods of their 
construction will be given only briefly, since the 
theory of nomographs has appeared in recent 
books by Davis! and Van Voorhis.? 

The first nomograph, shown in Fig. 1, repre- 
sents the equation 1/C=(1/A)+(1/B) and ap- 
plies to condensers, resistors, lenses and mirrors. 
To find, say, C from A and B, a straightedge is 
placed between the A and B values and the 
value of C is read from the central scale, as is 
indicated by the broken line. When more than 
two reciprocals are to be added, it is possible to 
extend the present chart by adding a minimum 
of one scale for each additional reciprocal; or 
the present nomograph may be used for suc- 
cessive addition of two reciprocals at a time. 
It can be seen that this nomograph is also usable 
when minus signs are involved, as might occur 
in connection with mirrors and lenses. Figure 1 
or one of its many possible variations may 
provide a partial answer to Sleator’s*® desire for 
a reciprocal-scale slide rule. 


In constructing the nomograph of Fig. 1, two inter- 
secting lines are drawn at any angle. These lines may be 
of any convenient length and are subdivided with uniform 
scales, A and B, independently of each other but with the 
zero of each scale at the intersection. To locate the C- 
scale, complete a parallelogram with lines drawn from 
graduations of the same numerical value on the A- and B- 
scales, and draw a diagonal from the origin. This diagonal 
will be the required locus of C. It may be graduated by 
projection lines drawn parallel to the B-axis from the 
graduations already set off on the A-axis. That such a 
chart will yield consistent values for the lens equation may 
be proved by use of similar triangles and the law of sines. 


Figure 2 gives solutions for the variation of the 
volume of an ideal gas as a function of the 
centigrade temperature. The broken lines show 
how Charles’ law is satisfied if at some point on 
the diagonal index line a straight line connecting 


1D. S. Davis, Empirical equations and nomography 
oe 1943). 
2 


. G. Van Voorhis, How to make alignment charts 
(McGraw-Hill, 1937). 
3W. W..Sleator, Am. J. Phys. 12, 131 (1944). 
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‘1G. 2. Nomographic chart representing the variation of 
the volume of a gas with centigrade temperature. 


the volumes intersects a straight line connecting 
the temperatures. It is obvious that the decimal 
point on the volume scales may be placed where 
desired. A more useful form of this nomograph 
might cover a smaller range of temperatures and 
thus provide greater precision. 

The formula S=ut+ ai? is represented in 
Fig. 3, by means of which any one of the four 
variables can be found from given values of the 
other three. Though not as accurate as the other 
two nomographs, it is illustrative of the length 
to which one may go to build a device for rapid 
calculation. Here only one straightedge is needed 
to connect four values satisfying the equation. 

A series of nomographs similar to the ones 
shown, perhaps covered with celluloid and bound 
in book form, will be found to speed not only the 
grading but also the construction of problems. 


TEACHING AID 341 
For one thing, the selection of integers, desired 
by many teachers, is facilitated. For example, 
Fig. 1 gives many combinations of integers other 
than the familiar }=4+§. By proper choice of 
size, range and scale division, nomographs may 
generally be read to three significant figures. 
Showing such a nomograph to a class usually 
arouses enthusiastic response, perhaps in line 
with the average student’s interest in anything 
that shortens a job. If no other use is made of 
one, at least the student could be made aware 
of the nomograph as an instrument for quickly 
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Fic. 3. Nomograph for solving the equation S=ut-+ jag. 


performing a large number of calculations in- 
volving the same formula—something he may 
have to do in any number of the professions he 
may enter. 


The greatest thing a human soul ever does in this world is to see something and tell what it saw in 
a plain way. Hundreds of people can talk for one who can think, but thousands can think for one 
who can see. To see clearly is poetry, prophecy, and religion, all in one.-—JOHN RUSKIN. 





How Bats Guide Their Flight by Supersonic Echoes! 


DonaLD R. GRIFFIN 
Biological Laboratories, Harvard University, Cambridge, Massachusetts 


HE flight of bats through dark caves may 
seem far afield from the subject matter of 
physics. But their ability to fly in total darkness 
without striking obstacles is achieved by using 
the working equivalents of such modern elec- 
tronic devices as echo sounders, absolute altim- 
eters and radar. Needless to say, the two cubic 
inches of a bat’s mouse-like body do not contain 
vacuum tubes, transformers or any of the para- 
phernalia of electronics, but they do possess 
physiological mechanisms which guide their flight 
in much the same way as the latest electronic 
devices are used to guide airplanes. 

The ability of bats to fly through darkness has 
excited the interest of both biologists and physi- 
cists for more than 150 years. Many theories 
have been advanced to explain the bat’s powers, 
but it was only when certain physical apparatus 
became available that Dr. Robert Galambos and 
the writer were able to test these theories and 
establish by clear-cut experimental evidence the 
basic methods of obstacle detection used by 
flying bats. 

Clearly the eyes of bats cannot guide them 
through the deeper passages of caves, for no 
light penetrates the long, narrow and tortuous 
tunnels leading to the chambers where bats rest 
during the daytime, or where they may pass the 
winter in hibernation. One hundred fifty years 
ago Lazzaro Spallanzani, a prominent Italian 
scientist of that period, destroyed the eyes of 
several bats and found that they flew about 
inside his rooms as dextrously as ever, dodging 
furniture and even threads strung across the 
open spaces where they had flown freely before 
the loss of their sight. 

Spallanzani at first was driven to postulate a 
sixth sense of unknown nature to account for 
the bats’ ability to dodge obstacles, but his 
friend and correspondent Jurine repeated his 
experiments and found that plugging the ears of 
bats caused them to lose most of their powers 
of obstacle avoidance. Jurine thus convinced 


1 This paper is based largely on work done jointly with 
Dr. Robert Galambos. For details see J. Exper. Zool. 86, 
fea (1941); 89, 475-490 (1942); Sci. Mo. 56, 155-162 
(1943). 


Spallanzani that the ears of bats were the essen- 
tial sense organ for locating obstacles. This con- 
clusion must have been a most difficult one to 
accept at the time because the experimenters 
could hear no sound while their blinded bats 
were flying about. Yet their experiments told 
them that the bats could not dodge the threads 
when deafened, and with the courage of self- 
respecting investigators Spallanzani and Jurine 
presented the facts as they found them, in- 
digestible though the conclusions appeared to be. 

Most biologists of this period did not agree 
with Jurine’s interpretation of his results, how- 
ever, and the French anatomist Georges Cuvier 
held that bats possessed a specially developed 
sense of touch on the surfaces of their wing 
membranes and that they could in some way 
“feel” an obstacle before striking it. Cuvier was 
a better anatomist than experimenter, and none 
of his writings reports any tests of his theory. 
On the contrary, the only available evidence 
bearing on Cuvier’s theory at that time was a 
series of experiments in which Spallanzani had 
covered the wing membranes with varnish and 
flour paste. This treatment must have dulled the 
sense of touch, but it did not impair the bats’ 
ability to dodge obstacles—thus contradicting 
Cuvier’s theory at the very start. 

Nevertheless, naturalists all through the nine- 
teenth century followed Cuvier, ascribing the 
abilities of bats to a sense of touch on the wing 
membranes, and discarding Jurine’s auditory 
theory so completely that when we began delving 
into the history of the problem, no reference to 
Jurine was to be found except in the most 
obscure archives. 

It is well to reiterate in defense of these nine- 
teenth century biologists that the auditory theory 
of Jurine and Spallanzani was not easily accept- 
able to a “reasonable” man of that period. He 
knew that bats could fly through a maze of 
obstacles swiftly, surely and silently, and he was 
asked to believe that they did this by means of 
their ears. No wonder one critic summed up 
prevailing thought with the quip: ‘‘Since bats see 
with their ears do they hear with their eyes?” 
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BATS AND SUPERSONIC JECHOES 


Certain discoveries made during the nineteenth 
century might have shaken this faith in Cuvier’s 
theory if biologists had known more physics or 
if some’ physicists had interested themselves in 
the bats. For instance, in 1881 an anatomist 
discovered that the larynx of bats was very 
different from that of other small mammals. 
It is stiffer, containing bone where other larynxes 
have soft cartilage; it has very powerful muscles 
to stretch the vocal cords; and these muscles 
are relatively enormous compared with similar 
muscles in other small mammals. The vocal 
cords are membranes which project into the 
stream of air passing out from the lungs, and 
their natural period of vibration sets the funda- 
mental pitch of the voice. In comparison with 
the vocal apparatus of other animals, the bat’s 
vocal cords are thin and short, while the un- 
usually powerful muscles presumably stretch 
them especially tight. 

All of these structural features clearly tend 
towards the production of high frequency sounds. 
Many bats make high pitched audible squeaking 
cries from time to time, and the specialized vocal 
apparatus was thought to serve for the produc- 
tion of these sounds, despite the fact that other 
animals and birds produce equally high pitched 
audible notes and cries without so great an 
anatomical specialization of the vocal apparatus 
as that found in bats. 

During the nineteenth century great advances 
were made in acoustics as well as other branches 
of physics, but in 1900 and 1908 the problem of 
bat obstacle avoidance seemed as far from solu- 
tion as ever when two groups of biologists ob- 
served the behavior of deafened bats in an 
unwitting repetition of Jurine’s long forgotten 
work. Again the deafened bats lost their ability 
to avoid obstacles, just as they had done 100 
years before, but the experimenters did not 
interpret their results beyond the cautious state- 
ment that ‘obstacles are perceived chiefly 
through sense organs located in the inner ear.” 

In 1920, however, the influence of physics 
seems to have made itself felt, as an English 
physiologist named Hartridge published a short 
paper setting forth a new theory to explain the 
performance of the bats. Hartridge was familiar 
with sound ranging instruments and submarine 
detection by the use of underwater sound devices, 
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and it seems reasonable to conjecture that 
this experience helped him to conceive a new 
hypothesis which he expressed as follows: 

I suggest that bats during flight emit a short wave- 
length note and that this sound is reflected from 
objects in the vicinity. The reflected sound gives the 
bat information concerning its surroundings. .. . It 
is probable that if a bat made use of short wavelength 
sound it would be able to estimate the position in 
space of an object with considerable accuracy. 


Here at last was a theory which bore promise 
of explaining all the facts, but it could be no 
more than that until experimental evidence 
showed whether or not bats did emit such short- 
wavelength sound, which would presumably. be 
above the frequency range of the human ear, 
since bats appear to do their most skilful dodging 
in complete silence. 

Doctor Galambos and | had the opportunity 
in 1939 and 1940 to make this final experiment, 
but again it was only with the aid and counsel 
of physicists that we were able to do so. Chief 
among our physicist friends was Professor G. W. 
Pierce, who placed at our disposal laboratory 
facilities and apparatus which he had developed 
for detecting and measuring supersonic sounds.” 

We found that, just as Hartridge had pre- 
dicted, the bats did emit an intense supersonic 
cry, made up primarily of frequencies from 
30,000 to 70,000 vib/sec and with a maximum 
intensity at about 50,000 vib/sec. This sound 
was quite inaudible to the human ear since the 
upper limit of human hearing is about 20,000 
vib/sec. Furthermore, the bats increased their 
supersonic clamor while flying near solid objects 
and gave every indication that they were using 
it in connection with their skilful dodging of 
obstacles. 

Further experiments were necessary to prove 
fully Hartridge’s theory, and these took the 
following foym. First we re-examined the work of 
Jurine and many others since his day who had 
shown that plugging the ear canal imparied a 
bat’s ability to dodge. Such work had been 
criticized on the grounds that the ear plugs them- 
selves might injure or irritate the bats enough to 
reduce their skill. Therefore we inserted into some 
of our bats’ ears small glass tubes which could be 


2A. Noyes and G. W. Pierce, J. Acous. Soc. Am. 9, 
205-211 (1938). 
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plugged to deafen the bats or unplugged to allow 
them to hear. In both cases the irritation caused 
by a foreign body in the ear canal remained 
unchanged. Some idea of the size of a bat’s ear 
may be obtained from the fact that we used 
tubing drawn out to 2- or 3-mm outside diameter, 
and plugged it with short pieces of heavy thread. 
The bats carrying these tubes open flew normally 
and avoided obstacles almost as well as un- 
treated bats, while those with closed tubes were 
helpless and struck any obstacles which they 
encountered. 

We were thus confident that bats needed the 
use of their ears to dodge obstacles and also 
that when approaching such obstacles they 
emitted their supersonic cries. A further test 
consisted of silencing these cries by means of a 
gag. Covering a bat’s mouth (while leaving its 
nostrils free) reduced the intensity of its super- 
sonic cries considerably, and, furthermore, this 
treatment deprives the bat of its ability to avoid 
obstacles just as completely as the process of 
plugging the ear canal. In one particularly telling 
experiment a bat’s mouth covering worked loose, 
and just when the supersonic cries again became 
loud, as detected by the Noyes and Pierce sonic 
amplifier, the bat began again to dodge obstacles 
with its normal skill. 

A further type of evidence in favor of the 
auditory theory is the work of Dr. Galambos* 
showing that the inner ear of bats gives electrical 
responses to supersonic sounds up to at least 
98,000 vib/sec. This is indicative evidence that 
they hear such sounds, though for various tech- 
nical reasons it is not of itself conclusive. 

To summarize and recapitulate, it may be of 
interest to state the quantitative ‘‘obstacle avoid- 
ance scores’ from our experiments with over 100 
bats under varying conditions (Table 1). This 
obstacle avoidance score is simply the percentage 
of the times when a bat struck a network of 
16-gage wires at 12-in. intervals while flying 
through it. 

The main outlines of the acoustics of the bats’ 
echo sounding system may be of interest, al- 
though the figures which I can give have been 
measured only roughly. The supersonic cry is 
emitted in very short bursts, each lasting only 


3 R. Galambos, J. Acous. Soc. Am. 14, 41-49 (1942). 


DONALD R. GRIFFIN 


TABLE I. Obstacle avoidance scores. 


Percentage of hits 
while flying through 


Condition of bats network of wires 


Normal 

Eyes covered 

Both ears covered 

One ear covered 

Mouth covered 

Calculated chance score of normal 
bat flying through wires without 
any knowledge of their presence 





about 5 msec. These bursts are themselves 
emitted at varying rates, 5 to 10 per second when 
the bat is at rest, 20 to 30 per second in normal 
flight and up to 50 or 60 per second when 
approaching an obstacle. 

To describe the echo sounding system in 
somewhat more precise terms, it is convenient to 
count time from the moment when the bat is 
6 ft from an obstacle and flying straight towards 
it. At this arbitrarily chosen zero time let us 
suppose that the bat emits a burst of supersonic 
sound which lasts 5 msec (and incidentally con- 
sists of only about 250 waves if it has a fre- 
quency of 50,000 vib/sec). This burst travels to 
the obstacle and back, and the returning echo 
is presumably heard by the bat from 10 to 15 
msec after our zero time. (We can neglect the 
motion of the bat since he has moved only about 
3 in. during 15 msec—enough perhaps for a 
Doppler effect, but not enough to affect the time 
relationships.) If he is emitting bursts at the 
usual rate of 50 per second he will send out the 
next one at 20 to 25 msec. This leaves only 5 
msec between the end of the “‘echo”’ and the be- 
ginning of the next “probing”’ burst. Clearly if 
the bat were 12 ft from the reflecting surface the 
echo would not return until 20 to 25 msec, or 
exactly at the time of emission of the second 
burst which would then drown out the much 
fainter echo. This fact may well explain the rise 
in rate of emission as the bat approaches ob- 
stacles—he cannot use a rate of 50 bursts per 
second at greater distances than about 10 ft 
without drowning out each echo in the next burst. 

Likewise, there is a minimum distance from 
the obstacle at which the echo will begin to return 
before the burst of 5-msec duration can be com- 
pleted. This minimum distance is about 2 ft, 
and we observed that the bats decrease their 





BATS AND SUPERSONIC ECHOES 


rate of emission at about that distance from the 
obstacles, indicating perhaps that the mechanism 
is no longer effective. 

Concerning the energy relationships involved 
in the bats’ echo sounding system we know very 
little. Certainly the sound reflected, or more 
correctly scattered, from so small an obstacle as 
a 16-gage wire must be of very low intensity, 
yet we feel sure that it is not only heard but also 
localized by the bat. 

Some of the wavelength relationships are also 
interesting. It is basic physics that the shorter 
the wavelength of sound or light the smaller 
the objects which will send back appreciable 
reflections. Thus it is advantageous for the bat 
to use as high a frequency as possible, and 
supersonic frequencies permit the detection of 
smaller objects than the lower frequencies to 
which the human ear responds. The relationship 
between wavelength, size of obstacle and in- 
tensity of sound scattered or reflected by cyl- 
inders (or wires) is plotted, for example, in 
Morse’s Vibration and Sound (p. 262). The 
intensity of scattered sound is very low if the 
wire has a diameter that is small relative to 
the wavelength of the sound, and the intensity 
then rises to a maximum beyond which it does 
not change with increasing wire diameter. This 
curve for the physical properties of sound can 
be roughly matched by a curve showing the 
obstacle avoidance scores of bats as a function 
of wire diameter. Such experiments have not yet 
been carried out in sufficient detail to reveal this 
relationship clearly, but the preliminary data 
show as good agreement as could be expected. 

For the bat’s process of locating: obstacles by 
means of sound | have suggested the term 
echolocation, since the bat is essentially locating 
objects in space by means of echoes. One of the 
closest analogs among familiar human operations 
seems to be the measurement of the water’s 
depth under a ship with echo sounders, or 
fathometers, which send out signals from the 
ship’s bottom and time the arrival of their re- 
turning echoes. The same echo sounder is also 
being used by fishermen to ‘‘echolocate”’ schools 
of fish below their boats. 

In its echolocation of obstacles the bat must 
do more than merely measure the distance to 
the obstacle; he must also localize the direction 
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from which the echo is returning. The various 
physiological theories concerning the localization 
of sound sources by men and animals are too 
involved to discuss here, but it is conceivable 
that the bat needs no more in this respect than 
the ability possessed by men and other animals 
to locate the source of a sound by differences in 
the intensity or phase or time of arrival at the 
two ears. Human auditory localization is very 
poor when only one ear is functioning, and the 
obstacle avoidance of bats with one ear covered 
is almost as poor as that of completely deafened 
animals. 

Another human use of echolocation is the wide- 
spread but not generally appreciated utilization 
of sound cues by blind men. Some blind men can 
find their way about with surprising ease, yet 
become confused if their ears are covered or if 
loud noises interfere with their hearing. 

Radar constitutes a form of echolocation which 
is in many ways an even closer parallel to the 
supersonic echolocation of bats, except that the 
bat uses sound waves while radar depends on 
short-wavelength radio waves. The bat does not 
use any of our electronic gadgets, yet manages 
to achieve results which I think any radar 
engineer might envy. 

Many other sensory abilities of various animals 
still seem as mysterious to biologists as did the 
flight of bats before modern physical instruments 
permitted the discoveries described here. A few 
cases of this sort are: the ability of bats to find 
the relatively small entrances to caves in the 
midst of dense woods; the powers of migratory 
birds and fishes to find their way across appar- 
ently trackless oceans and land masses; the 
sudden congregation of buzzards out of an 
apparently empty sky to feast on a newly killed 
animal; and the ability of certain moths and 
butterflies to seek out a female of their species 
hidden under a piece of bark many hundreds of 
yards away. Looking ahead it seems likely that 
the instrumental and analytical refinements of 
the physical sciences may help solve these bio- 
logical riddles just as the supersonic detector 
opened the way for the studies of bats which I 
have just described. Perhaps it is not too much 
to hope that such future investigations will also 
be of interest to the physicists whose instruments 
have made them possible. 





Training for the Small Industrial Research Laboratory 


H. L. Mason 
Taylor Instrument Companies, Rochester, New York 


BOUT ten years ago, T. A. Boyd,' of the 
General Motors Research Laboratories, de- 
scribed, in semipopular fashion, those character- 
istics that he considered essential for the research 
worker. He listed the following qualifications: 


Youth—for courage and optimism at reasonable costs. 

Curiosity—which looks back of an event for its con- 
tributing causes. 

Imagination—to develop theories and to stimulate 
experiment. 

Experimentalism—because results cannot usually be 
predicted. 

Enthusiasm—to support persistence. 

Patience—because research is fundamentally an educa- 
tional process and hence, slow. 

Persistence—to meet unlooked-for obstacles. 

Faith—in the ultimate rightness of scientific method. 

Courage—to believe firmly in a new thing. 

Common sense—to utilize the craftman’s hunches. 

Honesty—in judging oneself and one’s results. 

Modesty—to recognize that luck plays a part, that 
further improvements are possible, that truth is 
relative. 


These qualities were suggested as essential to 
workers in either pure or applied research; they 
provide chiefly a specification of inherited tem- 
perament. Let us assume that an individual so 
qualified has reached the end of his freshman 
year in college, with an interest in physics. What 
can the faculty do for him, in the next three 
or four or six years, that will fit him to work 
effectively in one of the thousands of small in- 
dustrial research laboratories which have been 
established in the last decade or two? The 
interest of these laboratories is predominantly 
in applied research. Budgets are limited, un- 
channeled flights of imagination are frowned 
upon. They are staffed by a few graduates in 
physics or chemistry or engineering. Usually 
they are part of manufacturing or processing 
firms that are privately owned; nearly 80 percent 
of chemists? and chemical engineers, for example, 
worked during 1943 in nonpublic organizations. 


1 Boyd, Research, the pathfinder of science and industry 
(Appleton-Century, 1935). 

?“Preliminary report to American Chemical Society,” 
Ind. Eng. Chem., News ed. (Apr. 25, 1944). 


The function of these laboratories is to develop 
new methods and products, to find answers to 
the more technical problems arising from opera- 
tion and to keep informed concerning scientific 
and technological progress in their own and 
related fields. They may or may not be equipped 
with such auxiliaries as model-making shop, 
analytical chemistry laboratory, metallographic 
laboratory or drafting room. 

Industry’s first training requirement, stated 
often before, is for a sound understanding of 
fundamentals. When you admit the neophyte 
to your temple of learning, let him explore the 
ground floor thoroughly before he climbs to the 
belfry. The special need of the small laboratory 
is evident when one remembers that its physicist 
is often the only authority on the subject in his 
organization. He must stand on his own feet, 
must be certain of his facts, must reason clearly 
and surely, and must know how to check his 
findings. This is possible only when he possesses 
a clear mental picture of the physical reality 
represented by definitions and principles, a crit- 
ical estimate of degree of approximation involved 
in simplifying assumptions, and some training 
in attacking problems containing more than one 
element. The decision as to what subject matter 
in physics is to be bounded by the term ‘‘funda- 
mentals’’ is one that must be made by an indi- 
vidual faculty, with consideration for the number 
of years the student can profitably spend in 
school. For many industries, the classical physics 
including mechanics of solids and fluids, heat, 
light, sound, electricity, and magnetism, together 
with mathematics through differential equations 
and a second course in chemistry, will be found 
adequate. In very few of the small industrial 
laboratories will there be need for astrophysics, 
geophysics, quantum mechanics, statistical me- 
chanics, nuclear physics or theoretical physics. 

Accepted technics for encouraging sound un- 
derstanding are, as is well known, the lecture 
demonstration, the laboratory experiment, the 
problem solution, the comprehensive examina- 
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TRAINING FOR THE SMALL 


tion and the thesis. To see a ray of white light 
fan into its component colors, to repeat with the 
simple apparatus of Galileo or Faraday their 
epochal findings—these experiences illumine and 
vivify the formal language of the textbook. 
Active participation on the part of the student, 
not merely passive reception, helps to fix the 
ideas in his mind and, at the same time, de- 
velops useful habits of work. A recent applicant 
for work in our laboratory, trained at the Uni- 
versity of Berlin, mentioned three years of 
‘theoretical’ and ‘‘experimental’’ physics, but 
only two semesters of actual laboratory work. 
By contrast, American faculties have gone far 
in providing laboratory training, and a recent 
report to the Society for the Promotion of Engi- 
neering Education,’ drawn up by a committee 
headed by Dean H. P. Hammond, urges still 
better coordination between laboratory instruc- 
tion and the lecture-recitation method. It is en- 
couraging that the War Policy Committee of the 
American Institute of Physics has just adopted 
a resolution urging cooperation with the SPEE 
in promoting a curriculum in engineering physics. 

Solving a problem actually involves two steps: 
(i) formulating a plan of attack and (ii) carrying 
through the work. The second step must be 
made, but it is.frequently the first that is the 
more difficult, particularly if the problem is com- 
plex. Hence, if time presses, the physics teacher 
might now and then, taking a leaf from the 
chemist’s notebook, recognize both qualitative 
and quantitative steps. The qualitative analysis 
could be phrased: How would one determine 

. -? What principle governs . . .? It will be 
recognized that mere memorizing of principles 
and formulas is not an adequate substitute for 
understanding them, yet the conventional exami- 
nation often does not distinguish between the 
two. In my own experience in teaching machine 
design, | found one self-discipline helpful in that 
regard: always to devise an examination in which 
the student was to be allowed full use of his 
textbooks and notes. Similarly helpful, at longer 
intervals in the student’s career, are examina- 
tions aimed at testing his comprehension of inter- 
relationships among several principles in one 


_ °“Engineering education after the war,” J. Eng. Ed. 34, 
589 (1944); Mech. Eng. 66, 403 (1944). 
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field and among several fields. Another help is 
the assignment of a minor investigation on a 
subject outside the textbooks. This is feasible 
even in undergraduate courses; in graduate work 
in the more comprehensive form of a thesis it 
should be considered essential even for the mas- 
ter’s degree. 

A second quality especially needed by the 
worker in the small laboratory is that of versa- 
tility of thought. Industrial organizations, under 
the urgent necessity of war, have turned from 
making refrigerators to building fire control in- 
struments, from preserving pickles to curing 
laminated fuselages for airplanes. The boy who 
wrote a seminar paper on acoustic filters turns 
up in a radar laboratory, while his former pro- 
fessor in spectroscopy finds himself designing 
installations of degaussing cable. The need to 
turn from one subject to another has always been 
present, in less aggravated form, in the small 
research organization. Furthermore, any one 
problem has many facets, and its aspect changes 
from time to time. That man is most useful who 
is able not only to study one aspect effectively, 
but also to bring all facets into mental focus in 
quick succession as an aid to judgment. Where 
products are varied or complex, the types of 
problems are the more numerous, and specializa- 
tion of the individual will be the less feasible. 
The small laboratory can afford specialists only 
on a part-time consulting basis. When new 
methods are enlarged from laboratory to pro- 
duction scale, the laboratory worker is sometimes 
the best choice for a production supervisor, and 
more than one general manager or vice president 
has emerged by this door. 

The basic approach to versatility, from the 
viewpoint of the college, appears to be twofold: 
a reasonable balancing of courses in any indi- 
vidual program, and persistent training in ap- 
proaching unfamiliar subjects. A man’s dean or 
faculty adviser is in the best position to warn 
him against an overspecialized program. The 
overspecialized faculty is, I think, a rarity. 
The balanced program must have a place for 
education in humanistic and social affairs. For 
this element, the SPEE report mentioned earlier 
recommends an allotment of 20 percent of the 


‘undergraduate’s time. In the approach to un- 


familiar subjects, the technical periodical and 
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the reference book deserve emphasis. An occa- 
sional reviewing of articles or a bibliographic 
assignment is suggested as a minimum, although 
at least one university—Rutgers—has a course 
in library technic which is required of all under- 
graduates. In a recent letter to Science K. C. 
Richmond‘ outlines a proposed course in scien- 
tific method. More of our textbooks and course 
outlines should carry annotated footnotes, de- 
signed not so much for stating authority as for 
indicating a source of additional detail or supple- 
mental information. 

Another qualification that is needed by the 
physicist in the small laboratory is dexterity 
with the simpler mental and manual tools of the 
trade. It goes without saying that he should 
be able to set up and use properly such standard 
instruments as the planimeter, galvanometer, 
thermometer and simple lens systems. More- 
over, it is certain that sooner or later he will 
have to devise some special experimental equip- 
ment and that he will need either to make 
workshop sketches of it or to build it himself. 
His academic tasks could well include the design 
and building of a piece of apparatus for the 
college laboratory, with the expectation that 
parts would first be shown by sketches, perhaps 
free-hand, but adequately dimensioned, and that 
he would get a bit of practice with lathe, drill 
press, soldering iron and glass-working burner. 

Examinations in a reading knowledge of 
French and German are general for advanced 
degrees, but relatively little attention is paid to 
three language requirements that are far more 
necessary. These are a writing knowledge of 
clear English, a sketching knowledge of third- 
angle projection, and a compositional knowledge 
of curves and graphs for analyzing and present- 
ing experimental information. The laboratory 
report is a useful training device and would be 
much more popular with the student if he real- 
ized how favorable or unfavorable an impression 
of him may be formed by the first few reports he 
writes in industry. Even more basic is the habit 
of keeping systematic records; the laboratory 
notebook should be universally required. 
Another important qualification is one that 


might be called the industrial attitude. It is one 


* Richmond, Science 99, 385 (May 12, 1944). 
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of the sterling virtues of college and university 
faculties in physics that so many individuals 
have the inquiring spirit and carry on their own 
researches at the boundaries of knowledge with 
complete freedom and independence. However, 
industrial research, like war research, must be 
aimed directly at results that are immediately 
useful, and time and cost are factors in its effec- 
tiveness. The unfettered academic investigator 
should be careful to avoid indoctrinating his 
students with a disdain of practical objectives 
and a feeling that all research worth the name 
must either begin with the cyclotron or end with 
the electron. The scientist in industry must learn 
to listen patiently to the viewpoints of the fac- 
tory, the sales department and the purchasing 
agent; must appreciate that experience has defi- 
nite value in manufacturing practice which is 
still much of an art; and must recognize that 
prejudice sometimes overrules a logical conclu- 
sion. Shunning snobbishness, he should deal on 
a friendly human basis with the bench worker 
who either may be quite unintelligent or may 
have an active but untrained mind. Adopting the 
cannons of professional ethics early in his career, 
he should realize his responsibility for the tech- 
nical fortunes of his firm instead of thinking of 
it as merely a paymaster. 

It was of these things perhaps that Dr. A. P. M. 
Fleming® was thinking when he recently urged 
so strongly that the prospective research worker 
in British industry get suitable experience in the 
industry, be it chemical, textile, electrical or 
metal-working. The specific problem or the spe- 
cific firm is of slight importance, the principal 
objective being familiarity with the industrial 
atmosphere. The colleges would encourage the 
individual to obtain such experience if they were 
to allow, as credit toward the degree, a thesis 
worked out in industry, under college super- 
vision, as equivalent to one worked out in the 
academic laboratories. In thesis work on the 
campus, and usually in industrial research, it is 
considered efficient for a worker to concentrate 
his attention on one problem at a time, or per- 
haps two. The usual college class schedule, on the 
other hand, requires him to jump from calculus 


5 Fleming, ‘‘Research workers: their education and their 
place in industry,”” Engineer (London) 177, 234 (1944). 
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FRANK B. JEWETT 
to electric circuits to history to chemistry, all 
in one morning. Are there sound pedagogic and 
administrative reasons for this, or was it carried 
over from a secondary school program where it 
may have been thought necessary to keep the 
children from getting bored? 

This brief discussion has pointed out that the 
physicist in the small industrial research labora- 
tory especially needs sound understanding of 
fundamentals, versatility in thinking, dexterity 
with mental and manual tools and a realization 
of the industrial attitude. Various training pro- 
cedures directed toward these ends have been 
mentioned. It must not be interpreted, however, 
as suggesting that physics departments give up 
training men for pure research. Were it not for 
the continuing work in pure science in the uni- 
versities and elsewhere, the applied physicist 
would have nothing to apply. Some students will 
have the aptitudes for the one field, some for the 
other, and it is reasonable to expect that some 
will not belong in physics at all. For several 
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years past the emergency has demanded that 
training be provided for large numbers of indi- 
viduals, many of them poorly qualified, and that 
heavy teaching overloads be carried to do it. 
Meanwhile the spokesmen of the American Insti- 
tute of Physics have rendered a national service 
in calling attention to the nation’s dependence on 
the work of its physicists. It is unfortunate that 
the government has made no provision for keep- 
ing a few of the most capable eighteen-year-old 
brains at their books. When youngsters and 
veterans are again available for physics, it be- 
comes once more the teacher’s responsibility to 
select students carefully, as early as possible in 
their careers, and to set for them a high standard 
of achievement. A degree in physics ought to 
be a guarantee of superior brains, temperament 
and training, not an inevitable consequence of 
matriculation in the department. In my opinion, 
one superior man is worth two run-of-the-mine. 
Let us have high quality graduates even if we 
must be satisfied with fewer of them. 


Frank B. Jewett Postdoctorate Fellowships—A Step Forward in Industrial Support of 
Academic Research 


Bell Telephone Laboratories has announced the estab- 
lishment of a trust fund to finance postdoctorate fellowships 
in physical science in honor of Dr. Frank B. Jewett, Presi- 
dent of the National Academy of Sciences and Vice 
President of the American Telephone and Telegraph Com- 
pany in charge of research and development, who recently 
retired from active telephone service, having reached the 
Company’s retirement age. The five fellowships to be 
awarded annually provide a yearly honorarium of $3000 to 
each holder and $1500 to the institution where he elects to 
carry on research. The awards will be made on recom- 
mendation of a committee of seven active research scientists 
on the Laboratories’ staff, who will base their selections on 
the demonstrated research ability of the applicant, the 
fundamental importance of his problem and the likelihood 
of his growth as a scientist. Since one purpose is to provide 
for full-time continuation of academic research, the awards 
normally will be made to those who have obtained the 
doctorate in the preceding year or who expect to receive it 
before the next fellowship period begins, on each July first. 


For application forms, address the Frank B. Jewett 
Fellowship Committee, Bell Telephone Laboratories, 463 
West St., New York 14, N. Y. Applications for the 1945 
awards should be submitted before January 1, 1945. 

A few other industrial or industry-supported organiza- 
tions have for some time been offering physics schdlarships 
of various types'—for instance, Westinghouse Electric and 
Manufacturing Company, Central Scientific Company, 
General Electric Company and the Institute of Paper 
Chemistry. Although some 200 industries in this country 
offer a total of nearly a thousand fellowships and grants, 
most of the awards have been made in other fields than 
physics, notably chemistry, engineering, nutrition, phar- 
macy and medicine.? Similar industrial support for physics 
is seen to be meager by comparison, but examples like the 
one just set by Bell Telephone Laboratories forecast a 
marked improvement in this situation.—D. R. 

1 For details, see * ‘Available graduate appointments aaa facilities for 


advanced study,”” Am. J. Phys. 8, 401 (1940); 9, 53 (19. 
2? C. Hull and H. Mico, J. Chem. Ed. 21, 180 (1944). 





Physics in a Rehabilitation Program for Disabled Service Men 


Roscoe E. Harris 
Lake Forest College, Lake Forest, Illinois* 


OW, while the products of the physics 
laboratories, both personnel and materiel, 
are entering the stage of actual combat, seems a 
proper time to prepare for service in the re- 
habilitation stage. The salvaging of the injured 
in conflict may soon become a major concern of 
educators, and physicists should investigate their 
science as a vehicle for such rehabilitation. 

In the past there have been two aims appar- 
ently motivating the physics teacher: the purely 
practical aim, presumed to disclose to science, 
pre-engineering and premedical students certain 
physical facts and principles, and to inculcate in 
them a mental attitude essential for their later 
work; and the purely academic aim, a presenta- 
tion of a philosophy and a discipline, certainly 
as essential as any other portion of the cur- 
riculum. For many years these aims have been 
under the analytical scrutiny of the physicists 
themselves, who hoped to correct defects before 
the professional educator undertook the task. 
The physicist had decided to ‘‘humanize”’ his 
courses considerably at about the time when a 
practical and scientific war called upon him to 
furnish technicians quickly. Popularization be- 
came temporarily unnecessary, since what was 
required was a large number of young men well 
trained in the experimental method. 

During the prewar period, a ‘‘progressive’’ 
trend had developed, especially in the lower 
educational levels. The basic aim of the modern 
trend, it seems, was to help the individual de- 
velop himself. This aim is compatible with the 
aim of rehabilitation. While to intimate that 
physics is an admirable subject for fulfilling the 
aim of the modern educator may be like waving a 
red flag at an already enraged bull, such luring 
may be a good idea, if that bull be harnessed to a 
useful load which is temporarily mired in a bog. 

During many years of directing an under- 
graduate program in physics, it became evident 


* Since the author is at present a Captain in the Signal 
Corps, on duty overseas, he has not seen the edited type- 
script or proof of this paper.—EDIToRs. 


to the writer that such a program has value to 
others than the ‘“‘brain truster’’ boy who might 
be an embryonic scientist. Physics, especially 
in the laboratory, seemed to give to “Johnny 
College’’ an opportunity for self-expression at 
least equal to that of the football field, which 
was already crowded and required talents of 
different characteristics. This was especially true 
if he was given the chance from time to time to 
attract attention to himself, for example, at a 
Science Show. 

Two types of majors in physics were permitted: 
the technical or science student, to be recom- 
mended for technical jobs or advanced work; the 
student who will enter nontechnical work and 
who is as well equipped for it as any other 
college graduate. Classifications of this second 
type of major were: (i) students whose future 
careers were established by inheritance or pre- 
vious employment but who developed lifelong 
hobbies out of their adventures in the physics 
laboratory; (ii) nervous students whose every 
activity seemed to be a series of spasmodic 
jerks out of phase with equally irregular mental 
bursts; while work for such students may be 
somewhat costly in apparatus, a little extra 
time spent in assigning experiments that required 
a coordination of mental and physical activity 
has salvaged many such cases; (iii) self-conscious 
students who do well on tests, but simply go 
blank when forced to perform before their fellows, 
yet who quickly gain confidence when given a 
new experiment to develop and in which to 
instruct others. While the students of this second 
type seldom became scientists, all were definitely 
educated by their physics courses. 

The educational laboratories of physics have 
been expanded to accommodate a large military 
training program, which has now been consider- 
ably curtailed. This expansion of space, equip- 
ment and personnel should not be abandoned, 
but should be made useful in the readjustment 
program. 

Individuals who are to be served by any 
rehabilitation program must be of one of three 
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types: those who can be restored to normal 
health and returned to active military duty; 
those who can be almost completely restored and 
returned to a useful and normal life in industry; 
or those who can be partially restored, but who 
will be unable to engage in a fully useful life. 
Those of the first type are the concern of the 
military rehabilitation program and will require 
no civilian assistance. However, many of the 
others may be aided greatly by education in 
physics. 

It is now recognized that laboratory physics, 
especially, is of direct use in industry. Less 
obviously, an incapacitating injury is often of a 
nature that makes physics experimentation an 
ideal rehabilitation method. Even if the injured 
service man is not to be returned to society fully 
recovered, he can probably be restored to a 
happier institution than an old-fashioned soldiers’ 
home. 

No modification of the customary aim of 
physics is required to make the man more useful 
to industry. However, to make him more useful 
to himself, some adjustment is necessary. In the 
case of wounds, the training of new muscles to 
aid them in functioning subconsciously requires 
mental and manual coordination. Thus the aim 
of physics experimentation may be divorced 
from the subject matter of physics and associated 
with the fuller development of the individual. 
The aim would be not to crowd as much of the 
subject matter into the college year as possible, 
but to develop in the individual a sense of well- 
being, some technical ability and a knowledge of 
subject matter useful in an occupation or avoca- 
tion, thus increasing his ultimate use to society. 

Physics as a clinical education should be 
largely experimental and highly individualistic. 
It seems far better for a recovering patient to 
work at some experiment carefully graded to his 
ability than to sit in the sun and knit. Even 
though the experiment may have no immediate 
practical value, he at least feels that he is being 
educated toward some useful goal; the knitting, 
or other busy work, may be physically beneficial 
but is likely to be morally degenerative. The 
more intelligently alert the student, the more 
sensitively he would probably react to enforced 
idleness or routine tasks not requiring the use of 
his brain, and the more eagerly he would prob- 


A REHABILITATION PROGRAM 


351 


ably respond to such a program as that here 
proposed. To him the apparent: object of the 
experiment should not be writing a report, but 
the demonstration of the experiment to his 
fellows, none of whom is doing this particular 
work. He need not complete the experiment in 
one fixed laboratory period, then get out of the 
way quickly so that quantity production may 
proceed, but simply be ready to present his 
demonstration in turn. Nor should he expect to 
find the entire equipment set up, wired and ad- 
justed; he should design the details of his appa- 
ratus and construct much of the equipment. 
No doubt a preliminary laboratory course in 
elementary mechanics and electric circuits would 
be found essential before embarking upon this 
individual work. 

Such amateur research must be graded to the 
background and ability of the individual. It would 
generally consist of repeating classical demonstra- 
tions and experiments because the laboratory 
and library would be properly equipped for them. 
Complete physics courses could be presented in 
this manner, and college credit could be granted 
for them. The subject matter could be broadly 
covered. While all experiments would not. be 
performed by every student, the basic purpose 
of the laboratory in giving to the student an 
operational viewpoint would be preserved, and 
his sampling of the operations would be far more 
intensive. Problems suggested by the experiment 
or proposed by the student lecturer could be 
solved; collateral reading could be included. For 
example, every problem in the usual textbook 
chapters on image formation and optical instru- 
ments could be made an optical bench experi- 
ment where the answer is demonstrated by the 
student who has carefully rehearsed in advance. 

In such courses the function of the instructor 
would become largely administrative. He would 
probably wish to give a few correlating lectures. 
Much of the supervision would be delegated to 
the better qualified students, who would have 
responsibilities similar to those of sergeants in 
the Army. Even with such delegation of duties, 
the instructor’s load would be heavy, for he 
would be responsible for adjusting the task to 
each individual and would have to be very well 
acquainted with each student. He should quickly 
recognize students in whom a lack of aptitude 
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for such work might develop a greater feeling of 
inferiority, and transfer them to another type of 
training. He should also emphasize that they do 
know more about their subject than their fellows, 
thus removing the feeling of futility so apparent 
in the reports of some younger members of the 
scientific societies and so likely to nullify the 
other beneficial results. 

Such a program would continue to present the 
required subject matter and should give skill in 
the experimental method, thus preparing men 


ON PHYSICS OF 


THE SOLID STATE 


for a possible future career. But for those men to 
whom such a career may be denied, an avoca- 
tional interest might be aroused that would 
enrich their later lives. Of immediate value, the 
temporary opportunity to become an expert in 
some field of apparent importance and to present 
such unique knowledge to his fellows would 
be psychologically beneficial in enhancing self- 
esteem, while the mental and muscular coordina- 
tion required in such experimentation would 
yield physical benefits. 


Symposium on Physics of the Solid State 


In January 1944 a group of six physicists sent a circular 
letter to about 50 members of the American Physical 
Society who were known to be interested primarily in 
metals or in the solid state in general, with the purpose of 
learning their reaction to a proposal to form a new division 
of the Society. According to the constitution of the Society, 
members may join a division and elect their officers. Since 
this procedure implies a certain classification or sub- 
division of membership, an alternate suggestion was made 
that a committee be authorized to take care of all the 
various tasks, such as organizing symposiums, without 
introducing a separate ‘‘specialized” membership. 

About 60 percent of those canvassed have replied. Half 
of them were in favor of a committee, a third in favor of 
a regular division and the rest opposed to any new action. 
Apparently the majority of those consulted favors some 
form of cooperation among physicists interested in solids. 
However, there is a desire to avoid too formal an organiza- 
tion. The question to be decided is whether to create a 
regular division with its own membership or to take the 
steps necessary to authorize the existence of committees 
(or divisions) without subdividing the membership of the 
Society into specialized groups. The latter course might 
necessitate a constitutional amendment. There are argu- 
ments in favor of either course. The formation of a regular 


division would be in line with the present policy of the 
Society and is relatively simple; the formation of a com- 
mittee (or a division without membership) minimizes the 
dangers of overspecialization and stresses the unity of 
interest and purpose of all physicists, but it involves 
several difficulties. 

With the cooperation of the Secretary of the Society the 
results of the canvass were presented to the Council. The 
Council expressed itself essentially in favor of a regular 
division because this is provided for in the constitution, 
and it requested the original group of six physicists to 
organize a symposium on the solid state for a forthcoming 
meeting. This symposium is planned for the January 1945 
meeting to be held in New York. A business session ac- 
companying it should give ample opportunity for those 
interested in solids to express their opinion about the 
proposed steps, to decide which is the more suitable form 
of organization and to elect the proper body to arrange for 
future activities. The symposium program will include 
invited papers on various topics in the field of pure and 
applied physics of solids. Those who have in preparation 
10-min papers in this field should plan to present them at 
the January meeting. The original committee of six con- 
sists of S. Dushman, T. A. Read, F. Seitz, W. Shockley, 
S. Siegel and R. Smoluchowski. 
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Proposed Criterions for Self-Rating of Physics Departments 


WHEELER P. Davey 
The Pennsylvania State College, State College, Pennsylvania 


HE real quality of a college physics depart- 
ment cannot be expressed completely by a 
number since it includes both measurable and 
(as yet) relatively nonmeasurable quantities. 
Among the easily measurable quantities may be 
mentioned laboratory equipment, courses offered, 
teaching loads, formal training of the teaching 
staff, and so forth. At least as important are the 
very-hard-to-measure quantities which have to 
do with the teaching skill, enthusiasm, devotion 
and general attitude of the department staff, 
and the background, general ability and attitude 
of the student body. These intangible quantities 
may eventually turn out to be closely inter- 
related. It is to be hoped that, some time in the 
future, a way will be found to measure, at least 
approximately, each of the individual quantities 
which make up the second group. But even 
without such tests on the second group, we can 
attempt to measure those more tangible quanti- 
ties without which even an ideal teacher would 
be seriously handicapped. With this under- 
standing, the following criterions are proposed 
for self-rating of physics departments. 

Physics departments of institutions granting 
the Bachelor’s degree or the Bachelor’s and 
\Master’s degrees shall be considered as belonging 
to Class A, Class B or Class C, as outlined in the 
following statements of standards. All such 
classifications shall bear the subscripts B or M 
to designate that they apply to the Bachelor’s 
and Master’s work, respectively. The subscript 
is an integral part of the symbol. 

A general statement is appended giving the 
minimum of the more tangible items to be ex- 
pected in physics departments that grant the 
Ph.D. or D.Sc. degree, but no attempt is made 
to evaluate those items to give a basis for rating 
the Doctor’s work of such departments into 
Class A pu.p., Class Bpn.p. and Class Cpn.p. since 
so much depends upon the more intangible 
characteristics of the staff members who direct 
the classroom and thesis work. 


Note 1. Some of the criterions which would seem quite 
reasonable in time of peace are of such a nature that they 
cannot reasonably be applied to wartime conditions 
without modification. Such criterions show in parentheses 
proposed modifications to be used during the war and for 
one year thereafter. 

Note 2. Certain textbooks are listed as indications of 
levels of instruction. It is believed that the list in any one 
instance offers a wide enough range of specific content and 
of methods without hampering pedagogic freedom or 
pedagogic experimentation, and without dictating the use 
of any particular textbook. In every instance several 
other textbooks might equally well have been substituted 
for those listed, but such additions or substitutions would 
not have defined the level of instruction more completely. 


DEFINITIONS 


A “credit” is defined as one hour of lecture or recitation 
per week for one semester, or from two to three hours of 
laboratory work per week for one semester. 

A “semester” shall not be less than 15 weeks long. 
(Changes in wording to apply to a ‘3-term” or to a 
“quarterly” system will be obvious.) A full semester’s work 
shall consist of not less than 15 credits (preferably 17-18 
credits and, in technical schools, even up to 21 credits). 

An “‘academic year” consists of two semesters of not less 
than 15 credits each. Note, however, that two semesters of 
20 credits each cannot be considered as 1} academic years, 
since the Bachelor’s degree in physics includes not only a 
definite level of training, but also a definite level of maturity 
in physical thinking. 

An undergraduate ‘‘physics major’ is defined as an 
undergraduate student who is preparing himself for a 
career as a professional physicist or for a closely related 
career in ‘‘engineering physics,” physical chemistry, phys- 
ical metallurgy, astrophysics, patent law, and so forth, 
and who is therefore taking a systematic course of instruc- 
tion outlined in the catalog of his college as a ‘“‘physics 
curriculum” or as a “program for a physics major.”’ The 
term ‘“‘physics major’ does not include general college 
undergraduate students who merely show special interest 
in physics. However, this shall not be interpreted to mean 
that a student who at first shows only a general interest 
in physics may not later become a “physics major” by 
adopting the total program of the physics curriculum of his 
college. 


BACHELOR’S WORK 


The rating of physics departments in connection with 
the work toward the B.S. or B.A. degree shall be based 
upon the following five divisions: 
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I. The basic college physics course. 
II. Advanced courses in physics. 
III. Courses in chemistry. 
IV. Courses in mathematics. ; 
V. Training of physics faculty and teaching loads. 


Class Ag shall consist of departments that rate at least 
20 points under each of Divisions I, II, III, 1V and V as 
listed below. The total is therefore at least 100 points. 

Class Bg shall consist of departments that rate at least 
18 points under each of any four Divisions I, II, III, IV 
and V as listed below, and at least 16 points under the 
remaining section. The total is therefore at least 88 points. 

Class Cz shall consist of departments that do not qualify 
completely under Class Bp. 

In the following outlines, the rating points which are to 
be given appear in boldface type. In each of the five divi- 
sions there are subdivisions (a), (b), (c). . . . Only one 
point value may be taken from any one of these sub- 
divisions. 


I. The Basic College Physics Course 


The department shall offer a course in basic college 
physics of two semesters of not less than four, and prefer- 
ably five, credits per semester. The course shall consist of 
(t) recitation work (preferably accompanied by demon- 
stration lectures), and (iz) laboratory work. Lecture and 
recitation work shall be of the grade of Anderson, Duff, 
Duncan and Starling, Ferry, Foley, Kimball, Perkins, A. 
W. Smith, Spinney, Saunders. The recitation work shall 
include problems in each of the major portions of physics. 
The laboratory work shall be of the grade of: Ingersoll 
and Martin; Millikan, Roller and Watson; Morrison and 
Morrison; Schneider and Ham; Taylor, Watson and 
Howe; White; Zeleny and Erickson. In general, experi- 
ments should be of such a caliber that not more than one 


experiment can be carried out by an average student in one 
laboratory period. 


(a) Semester credits for basic college physics course. If, 
for each of two successive semesters there are: 


Five credits 
Four credits 


(b) Size of recitation sections, first alternative. If the course 
is organized either into large lecture groups with smaller 
recitation groups or into small recitation groups with no 
formal demonstration lectures and these recitation sections 
average: 


Not more than 20 (30) students each 
Not more than 25 (35) students each 
Not more than 30 (40) students each 


(b’) Size of recitation sections, second alternative. If the 
course is organized into small groups that maintain their 
identity in both recitation and lecture, and these sections 
average: 


Not more than 25 (35) students each 
Not more than 30 (40) students each 
Not more than 35 (45) students each 


WHEELER P. 
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(c) Size of laboratory sections. If the average number of 
students per laboratory instructor, per section, is: 


Not more than 16 (20) students 
Not more than 18 (22) students 
Not more than 20 (24) students 


(d) Number of students working in a laboratory ‘‘team” 
(i.e, working simultaneously with the same laboratory 
apparatus). If there are at least 13 experiments per semester 
and 

All students work individually 
Not more than 2 (3) students per team 
Not more than 3 (4) students per team 


(e) Number, n, of experiments per cycle. If no laboratory 
student is more than n—1 experiments out of phase with 
the topic of the current week’s recitation, where 


n equals 1 


II. Advanced Courses in Physics 


The physics or the mathematics department shall offer 
at least 3, and preferably 6, credits in mechanics at the 
junior-senior level. At least 3, and preferably 6, credits in 
mechanics shall be required of all physics majors. The 
work shall consist of lectures or recitations or both, with 
emphasis on the complete solution of problems. The work 
shall be of the grade of Campbell, Smith and Langley, 
Williamson, Ziwot and Field, Lindsay. 

The physics department shall offer at least 3, and 
preferably 6, credits in electricity and magnetism at the 
junior-senior level (recitation: grade of Starling, Page and 
Adams, Harnwell; laboratory: grade of A. W. Smith, 
C. N. Smith, Smythe and Michels, Page and Adams, 
Harnwell). At least 3, and preferably 6, credits in electricity 
and magnetism shall be required of all physics majors. 

The physics department shall offer at least 3, and prefer- 
ably 6, credits at the junior-senior level in at least three 
and preferably all five of the following subjects (except 
that physical chemistry and chemical physics may be 
offered by the chemistry department). At least 12 and 
preferably 18 or more credits in the following group shall 
be required of all physics majors, except that physical 
chemistry and chemical physics shall not be required of 
students offering as a minor field at least 22 credits of 
mechanical or electrical engineering or both [see II (f) 
below and statement made in division III], and except 
that electronics shall not be required of students offering 
as a minor field at least 20 credits in the field of the mineral 
industries (e.g., ceramics, metallurgy, geology, mineralogy, 
geophysics): electronics (recitation: grade of Eastman, 
Millman and Seely, Glasgow; laboratory: grade of Brown); 
heat and elementary thermodynamics (recitation: grade of 
Edser, Preston, Weber; laboratory: grade of Ferry, Weber, 
Wood and Cork); optics (recitation: grade of Preston, 
Reeves, Robertson, Valacek, White and Jenkins; labora- 
tory: grade of Ferry, Taylor, Wagner); physical chemistry 
and chemical physics (recitation: grade of Getman-Daniels, 
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SELF-RATING OF 


Millard, McDougal; laboratory: grade of Daniels, Mat- 
thews and Williams); general intermediate laboratory 
physics. 

The ratings for credits of work offered in advanced 
physics are as follows. 


(a) Mechanics: 


6 credits offered 
3 credits offered 


(b) Electricity and magnetism: 


6 credits offered 
3 credits offered 


(c) Electronics: 


6 credits offered 
3 credits offered 


(d) Heat and elementary thermodynamics: 


6 credits offered 
FE I a5 a oo Si Roloc cihs Bete eee 2 


(e) Optics: 


6 credits offered 
3 credits offered 


(f) Physical chemistry and chemical physics (An equal 
number of credits in Mechanical or Electrical 
Engineering or both may be substituted by stu- 
dents who offer at least 15 credits of engineering 
in lieu of analytic and organic chemistry under 
Division (III): 

8 credits offered 
7 credits offered 
3 credits offered 


(g) 6 credits each from (a) and (b), above, and more 
than 18 credits from the rest of the above list re- 
quired Of PHYSICS MATION. ........6-.0.0 o66.5:5 oe sensees 
6 credits each from (a) and (0b), above, and 18 
credits from the rest of the above list required of 
physics majors 
At least 3 credits each from (a) and (6), above, 
and at least 15 credits from the rest of the above 
list required of physics majors................. 
At least 3 credits each from (a) and (b), above, 
and at least 12 credits from the rest of the above 


(h) General intermediate laboratory physics: 
TIS 5d 5 sO at aT Re GER 3 


III. Chemistry Courses 


The chemistry department of the same institution shall 
offer undergraduate courses, including both classroom and 
laboratory work, in inorganic (two semesters), analytic 
(one semester) and organic chemistry (two semesters), 
and (if not taught by the physics department) physical 
chemistry and chemical physics (two semesters). These 
four courses shall be required of all undergraduate physics 
majors except that only inorganic chemistry shall be 
required of students offering as a minor field at least 15 
credits of mechanical or electrical engineering or both, in 
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addition to the substitution for chemical physics mentioned 
in Division IT. 
Required of physics majors except as noted above: 
(a) Inorganic chemistry: 
INGE Team Cian TO CreGitG, 65.5 ko ese cen oe 8 


INGE Beas Cathe CUOCIER.. «5 5... hos bccicce ccs eet 7 
PGE Meee: Clee GCOS oS oidid oe icss. worse orien 4 


(b) Quantitative analysis: 


Not fees Chan S:credits. .. 66.6 6. ices cece 8 
Not dees thaw 4 credits. «5 5.4 os. occ dcnwen es 7 
Wot lees than So CRedits. . 5c. ick tse ce edss 4 


(c) Organic chemistry: 
Notdese than 10 credits. os ss cd cee ees 8 


Not less than 8 credits 
Not deus: thiar G Crediteic 56.ii.c oo ccsinicoedn Siacwate 4 


Note that physical chemistry is included in “Physical 
chemistry and chemical physics” in Division II (f). 


IV. Mathematics Courses 


The mathematics department of the same institution 
shall offer separate courses of at least 3 credits each in 
trigonometry, analytic geometry, differential calculus, 
integral calculus, and differential equations. This work 
shall be required of all undergraduate physics majors. 
The foregoing list represents a minimum; the optimum 
should certainly include partial differential equations and 
vector analysis. (In this connection, see the criterions for 
the M.S. degree.) 


Required of physics majors: 
(a) Trigonometry: 


Wert Teee A Panta A CROCINS oo). oases oees-atn dis weenie 4 
DO ess CHW DS COCUIS oc oon os os d wie weie dion’ 3 


(b) Analytic geometry: 


Not less than 4 credits. .. 
INGE TONG UHAR S CEOUIES S55 eos os os AGES ae doe 3 


(c) Differential calculus: 


ee ee, a 4 
Not: fess than 3 chedits. ... 6... 06. ccacs. a ena 


(d) Integral calculus: 


Dit: ese: Chain © eens. 6a. ke ores bee 4 
ENGNG COs CERNE S-COEINUB eo ss ce whee see 3 


(e) Differential equations: 

po eo a are 4 
(f) Other advanced mathematics: 

Not less than 3 credits 


V. Training of Physics Faculty; Teaching Loads 


Every member of the physics department staff above the 
rank of instructor shall either (7) have the Ph.D. or D.Sc. 
degree in physics and shall have had 4 (2) and preferably 
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6 (3) years of successful experience in teaching college 
physics, or (ii) have an M.S. (or M.A.) degree in physics 
and shall have had 6 (4) and preferably 10 (5) years of 
successful experience in teaching college physics. At least 
one member of the department staff shall teach nothing 
but physics. Every member of the department staff should 
be a member of at least one of the Founder Societies of the 
American Institute of Physics. 

The total teaching schedule of the department head 
shall not exceed 18 (21) clock hours per week; 12 (15) is 
preferable. The total teaching schedule of each additional 
member of the department shall not exceed 21 (24) clock 
hours per week; 15 (18) is preferable. No one member of 
the department staff shall teach, in addition to the basic 
college course, more than a total of six and preferably four 
advanced courses (see Division II) of two semesters each, 
nor more than two in any one semester. No advanced course 
(see Division II) shall be listed in the college catalog with- 
out the name of the staff member who is expected to teach 
the course. 


(a) Teacher's training and experience. If every mem- 
ber of the departmental staff above the rank of 
instructor has: 


Ph.D. or D.Sc. with at least 6 (3) years of suc- 
cessful teaching experience in college physics. .. 
Ph.D. or D.Sc. with at least 4 (2) years of suc- 
cessful teaching experience in college physics... 
M.S. or M.A. with at least 10 (5) years of suc- 
cessful teaching experience in college physics... . 
M.S. or M.A. with at least 6 (4) years of suc- 
cessful teaching experience in college physics... . 
At least an M.S. or M.A. with at least 10 (5) 
years of successful teaching experience in college 
physics, and at least one member has a Ph.D. 
with at least 6 (3) years successful teaching ex- 


(b) Professional affiliations: 


At least one member of the staff is a fellow of the 
American Physical Society and all the rest are 
members of at least one of the Founder Societies 
of the American Institute of Physics 

Every member of the staff belongs to two of the 
Founder Societies 

Every member of the staff belongs to one of the 
Founder Societies 


(c) Teaching load of the department head. If, for a total 
staff of at least four persons, the full-time teach- 
ing load per week: 


Does not exceed 9 clock hours 
Does not exceed 12 clock hours............... 


Teaching load of department head. If, for a total 
staff of less than four persons, the full-time teach- 
ing load per week: 


Does not exceed 12 (15) clock hours........... 3 
Does not exceed 15 (18) clock hours 
Does not exceed 18 (21) clock hours 


P. DAVEY 


(d) Average teaching load of other staff members. If the 
full-time teaching load per week: 


Does not exceed 15 (18) clock hours 
Does not exceed 18 (21) clock hours 
Does not exceed 21 (24) clock hours 


(e) Catalog shows for each advanced course (see 
Division II) the name of the person who is ex- 
pected to teach it 


(f) Number of advanced courses taught. If the total num- 


ber of advanced courses taught by each staff 
member: 


Does not exceed 4 advanced courses of 2 semesters 


Number of advanced courses taught per semester. If 
the number taught by each staff member: 


Does not exceed 2 advanced courses per semester. 3 
Does not exceed 3 advanced courses per semester. 2 


TWO-YEAR JUNIOR COLLEGE 


A physics department of a two-year junior college is 
considered to be satisfactory (Class Ay) or passable (Class 
Bz) if the following points are earned: 


Class Ay Class By 
Division I 

Division III 

Division IV 

Division V 


MASTER’S WORK 


Class Ax shall consist of departments that rate at least 
25 points under each of Divisions I, II, III and IV as 
listed below; the total is therefore 100 points. 

Class By shall consist of departments that rate at least 
22 points under each of three of Divisions I, II, III and IV 
as listed below; and at least 18 points under the remaining 
division; and whose total of rating points is at least 90 
points. 

Class Cy shall consist of departments that do not qualify 
completely under Class By. 


I. General Restrictions 


The undergraduate work of an institution granting the 
M.S. or M.A. degree shall be clearly of Class Ag grade as 
defined above. Admission to carididacy for the M.S. or 
M.A. degree in physics should be limited to those holding 
a B.S. or B.A. degree from a Class Ag physics department, 
and to those who have made up the difference between the 
training required by a Class Bg or Class Cg department 
and that required by a Class Az department. Any make-up 
work shall be in addition to the regular graduate work 
toward the M.S. or M.A. degree. The M.S. or M.A. degree 
in physics shall require a minimum of one academic year, 
measured as a total of 30 credits. Part-time students or 


studé 
sessit 
perio 
have 
scien 
two 

minc¢ 
9 cre 
requ 
coun 
The 
reast 
the 

whic 
Not 
an } 
oper 
Exce 
degt 
and 

grad 
be t 
seni 





least 


V as 


least 
id IV 
ining 
st 90 


ialify 


g the 
de as 
S. or 
ding 
ment, 
n. the 
rment 
ke-up 
work 
legree 
year, 
its or 


SELF-RATING OF PHYSICS DEPARTMENTS 357 


students taking graduate work mainly during summer 
sessions shall complete the total of 30 credits within a 
period of six consecutive calendar years. The work shall 
have physics, not the teaching of physics, nor “general 
science,”’ as its major subject. There shall be not more than 
two minor subjects, and preferably only one, and the 
minor subject(s) shall represent a total of not more than 
9 credits of work out of a total of 30 credits. If a thesis is 
required for the M.S. or M.A. degree, it shall not be 
counted as more than 6 credits out of a total of 30 credits. 
The work shall all be done in residence except that, for 
reasons of weight, the thesis (if required) may be done in 
the laboratories of some nondegree-granting institution 
which has outstanding facilities along the line of the thesis. 
Not more than 9 credits of work should be counted toward 
an M.S. or M.A. degree in physics in courses which are 
open to both graduate and undergraduate students. 
Except for courses specifically listed in the catalog of the 
degree-granting institution! as being open to both graduate 
and undergraduate students, no course shall be given 
graduate credit toward the M.S. or M.A. degree if it can 
be taken with profit by an undergraduate (first-semester 
senior) having physics as his major subject. 


Prerequisites 


(b) Admission. If: 


Graduates from Class Bg. and Class Cg depart- 
ments are required to make up without graduate 
credit the difference between their actual training 
and that required by a Class Ag department.... 
Graduates from Class Bg departments are ac- 
cepted directly as candidates for the M.S. or M.A. 
degree, but graduates from Class Cg are required 
to make up work equal to that of Class Bg 


Student program 


(a) Thesis (if required) limited to a maximum of 6 
credits 

(b) Full residence required except as previously noted. 3 

(c) Minor subjects limited to 9 credits 

(d) Work counted toward the M.S. or M.A. degree in 


courses open to both undergraduate and graduate 
students: 


(e) Restrictions observed as to caliber of graduate 
courses leading to the M.A. or M.S. degree 


II. Courses Offered 


The physics department shall offer a basic graduate 
course in physics of 3 credits for each of two semesters, 
of the grade of Slater and Frank (but not necessarily of 
the same content), which shall be required of all M.S. or 


' The phrase “degree-granting department” is merely an 
abbreviation for ‘‘physics department belonging to the 
degree-granting institution.” 


M.A. candidates. The physics department, either acting 
alone or in cooperation with the mathematics and chem- 
istry departments, shall offer enough other courses at 
the graduate level to provide a systematic training in 
definite portions of advanced physics within the limits set 
by Division I above. The chemistry department of the 
same institution shall offer undergraduate work of a grade 
approved by the American Chemical Society accrediting 
body, and shall offer graduate work of a grade approved 
by the Committee on Graduate Instruction of the Am- 
erican Council on Education, leading to an M.S. or M.A. 
degree in chemistry, physical chemistry or chemical 
engineering. Graduate courses in physical chemistry may be 
counted toward a physics major if physical chemistry is 
not taken as a minor subject. The mathematics department 
shall offer, in addition to the minimum courses listed 
under Division IV of the requirements for undergraduate 
departments, a 3-credit course in partial differential equa- 
tions and at least two other graduate courses of 3 credits 
each. It is recommended that candidates for the M.S. or 
M.A. degree in physics be scheduled for a 3-credit course 
in advanced mathematics each semester. In case the 
student does not present mathematics as a minor subject, 
his 6 credits of mathematics may be counted towards a 
physics major. No graduate course shall be listed in the 
college catalog without the name of the staff member who 
is expected to give the course. 

The physics department shall have a shop, available to 
graduate students, well enough equipped to enable a 
graduate student to build ordinary thesis apparatus. 


Courses Offered 


(a) Basic graduate course in physics of 3 credits for 
each of two semesters which presupposes the 
same degree of maturity as does Slater and Frank. 

(b) Sufficient courses at the graduate level in physics, 
mathematics and physical chemistry to give a 
full schedule of graduate work within the limits 
SCE Y APUV IRIE E RMIVE 6.655.555: o 0 oles o tsiaisiowisieee 

(c) Chemistry department approved by accrediting 
bodies of American Chemical Society and Ameri- 
can Council on Education 

(d) Mathematics department offers graduate courses 
as described above 

(e) Candidates for the M.S. or M.A. in physics required 
to take 6 credits of graduate mathematics 

(f) Every physics, chemistry and mathematics course 
open for credit to graduate students is listed in 
the college catalog with the name of the staff 
member who is expected to teach the course.... 5 


III. Training of Physics Staff 


The physics staff shall include at least two, and prefer- 
ably three, full-time persons each of whom holds a Ph.D. 
or D.Sc. degree in physics, mathematics, engineering or 
physical chemistry, and each of whom is a member of at 
least one, and preferably two, of the Founder Societies of 
the American Institute of Physics. No member of the staff 
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shall teach work to graduate students for graduate credit 


unless he holds a Ph.D. or D.Sc. (but not a D.Ed.) degree 
as outlined above. 


(a) Degrees of staff members. If the staff consists of: 
More than 3 full-time Ph.D. or D.Sc. members. . 
Three full-time Ph.D. or D.Sc. members....... 
Two full-time Ph.D. or D.Sc. members........ 

(b) Professional affiliations. If: 

At least one full-time staff member is “starred” 
in American Men of Science, or is a Fellow of 
the American Physical Society, and every other 
staff member is a member of at least one of the 
Founder Societies 

Every staff member is a member of at least two 
of the Founder Societies 

Every staff member is a member of at least one 
of the Founder Societies 

(c) No staff member who lacks the Ph.D. or D.Sc. 
degree teaches courses open to graduate students 
for graduate credit towards the M.S. or M.A. 
degree 


IV. Teaching Load 


No member of the staff who teaches more than the 
equivalent of one class of 4 credits of undergraduate work 
per semester should be listed to teach more than a total 
of four 3-credit graduate classes of one semester each, not 
more than one of which should be offered in any one semes- 
ter. A staff member who teaches not more than the equiv- 
alent of one class of 4 credits of undergraduate work per 
semester should not be listed to teach more than six 3-credit 
graduate classes, not more than three of which should be 
offered in any one semester. In interpreting the above, 
supervision of thesis work shall not count as a “‘course.” 

(a) Staff members teaching not more than 4 (6) credit 
hours of undergraduate work per semester are limited 
to a total of: 

Six 3-credit graduates courses, not more than 
three of which are offered in any one semester.. 14 
Eight 3-credit graduate courses, not more than 
two of which are offered in any one semester... 10 

(b) Staff members teaching more than a total of 4 (6) 
hours of undergraduate work per semester are limited 
to a total of: 

Four 3-credit graduate courses, not more than 
two of which may be offered in any one semester. 11 
Six 3-credit graduate courses not more than two 
of which may be offered in any one semester... 8 


DOCTOR’S WORK 


I. The undergraduate and M.S. or M.A. divisions of a 
physics department that grants the Ph.D. or D.Sc. degree 
shall be clearly of Class Az and Class Ay grade as defined 


Pr. DAVEY 


above, and the chemistry department of the same institu- 
tion shall be approved by the accrediting bodies of the 
American Chemical Society, the American Council on 
Education and the American Institute of Chemical 
Engineers as to the quality of its work leading to the Ph.D. 
or D.Sc. degree in chemistry and in chemical engineering 
or physical chemistry or both. 

II. The Ph.D. or D.Sc. degree in physics shall require a 
minimum of three academic years (measured as a total of 
90 credits) of study and research at the graduate level. 
At least one academic year must be spent in residence at 
the institution granting the degree. There is no maximum 
time limit for work toward the doctor’s degree, although a 
department may bar a graduate student from further 
candidacy at any time for unsatisfactory work. There is 
no specified number or type of courses required for work 
toward a Ph.D. or D.Sc. degree. The degree is conferred 
in recognition of high attainments and productive scholar- 
ship in some special field of learning as evidenced (1) by 
the satisfactory completion of a prescribed period of study 
and investigation, and (2) by successfully passing ex- 
aminations covering both the special field and the general 
field of learning of which the special field forms a part. 
The work shall have physics (not the teaching of physics) 
as its major subject, and shall involve as minor subject(s) 
one or two closely related fields (for instance, mathematics, 
chemistry, chemical engineering, physical chemistry, elec- 
trical engineering, metallurgy, ceramics, biology, geology, 
geophysics) at the graduate level. A program shall consist 
of such a combination of courses, private study and research 
at the graduate level (supplemented when necessary by 
prerequisite work at lower levels) as is approved by the 
departments concerned. Usually the minor subject(s) 
will represent not less than 15 nor more than 20 credits 
out of the minimum total of 90. 

III. The physics department shall offer such courses at 
the graduate level, in addition to those required for Class 
Ax, as may be needed to provide a well-rounded systematic 
training in the general field of physics plus a more detailed 
training in one or more specific branches of physics. 

IV. Sufficient space, independent of space used for 
undergraduate students, shall be available for the thesis 
work of graduate students. 

V. The department shall have at least one instrument 
maker or machinist of toolmaker grade. It shall have a 
machine shop of adequate size and with adequate equip- 
ment to enable the instrument maker to construct such 
special apparatus as may require more skill than that to be 
expected of a graduate student. It shall also have at least 
one student shop with sufficient machines and tools to 
enable graduate students to do the ordinary machine-shop, 
electrical and wood work incident to the construction of 
their thesis apparatus. Adequate glass-blowing facilities 
shall be available to all graduate students. 


Editor’s note—The numerous valuable comments and criticisms received from physicists who read Professor Davey’s proposal in mimeographed 
form have not been taken into account in preparing this printed version. However, every effort will be made to see that they receive careful con- 


sideration in event that the question of rating and accrediting departments becomes a subject for study by any committee or organization of 
physicists. 
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On the Teaching of the Basic Sciences 


A COMMITTEE REPORT 


KarL W. BriGeLow, R. J. Havicuurst, F. J. KELLY anp K. LARK-Horovitz 


N May 1, 1943, U. S. Commissioner of Edu- 

cation J. W. Studebaker asked for the 
formation of a committee to ‘‘canvass carefully 
the question of whether the basic sciences should 
not be included along with vocational education 
in a federally subsidized program. Such a sub- 
sidization would include, of course, the appropri- 
ate training of teachers for such courses.’’ At 
that time a committee was already at work to 
study the needs of industry for the training of 
engineering aides in technical institutes and other 
institutions of comparable grade in the voca- 
tional-technical training program.! It was decided 
that the present committee on basic sciences 
should be small and should represent the Com- 
mission on Teacher Education (Karl W. Bigelow), 
research in science teaching (R. J. Havighurst), 
the division of higher education of the United 
States Office of Education (F. J. Kelly) and the 
sciences (K. Lark-Horovitz, chairman of the 
committee). 

Members of the committee have discussed the 
problem on various occasions with many different 
groups and individuals. From all these discus- 
sions, it became evident that while the public in 
general regrets the extension of federal aid, par- 
ticularly if this means federal control, it is 
recognized that federal aid of some kind will be 
necessary to strengthen the teaching of the 
basic sciences. A plan will have to be worked out 
which will guarantee that such aid will not be 
accompanied by Federal control. 

The committee met at the U. S. Office of 
Education on May 20, 1944, and, in its discus- 
sions, summarized the situation as follows. In 
reviewing the results of recent studies, one finds: 

(1) A conspicuous lack of training in the physical 
sciences in the secondary schools, so that at any one time 
only about 7 percent of the total high school population is 
enrolled in physics or chemistry, whereas a large number 


is enrolled in the biological sciences (biology, zoology, 
botany, hygiene, and so forth). 


1J. C. Wright’s committee, with Professor L. A. Emer- 
son of Cornell University as chairman of the working com- 
mittee. 


(2) This is owing to the fact that more than half of our 
schools have six or less teachers and, under the present 
licensing and certification system, most of these schools 
cannot afford to hire a teacher for the physical sciences. 

(3) Some of the best science teaching in smaller high 
schools is carried on by the teachers of agriculture in states 
in which the time of such teachers is prorated and they 
do not spend all their time in vocational agriculture. In 
the teacher training programs set up to prepare these 
vocational teachers, a considerable amount of science is 
required. 

(4) The teachers now teaching science in the high schools 
are, in many states, poorly prepared in their respective 
subjects, being on the whole measurably less well prepared 
than trainees in the same field for industry. 

(5) Because only a small proportion of high school 
students takes science at the present time, those who teach 
these sciences must combine science with some other 
subjects. Many of the teachers have to teach three, four 
or even more subjects which may be almost entirely 
unrelated. The result is that such science teaching has to 
be assigned to individuals whose main interest is in some 
other subject, for whom science was only a minor subject 
in college. 

(6) This situation could be remedied by certification of 
science teachers in comprehensive areas, such as a combina- 
tion of the physical sciences with the biological sciences or 
of the physical sciences with mathematics and geography. 

(7) It is necessary to realize that teachers trained in 
such comprehensive science areas are also potential candi- 
dates for industrial positions. Since the starting salary and 
the life expectancy of earnings are far higher in industry 
than in the schools, we must be able to compete with 
industry in order to attract teachers who are well trained 
and have aptitude in the physical sciences and mathe- 
matics. This is all the more true because men are more 
likely than women to specialize in science and mathematics, 
and men—with their family responsibilities—can less afford 
to continue teaching at low salaries. ' 


In the rural schools all over the country and 
in almost all school systems in the southern 
states, the financial situation of the teachers is 
such that it is difficult to provide the necessary 
number of teachers for the science jobs. In some 
parts of the country it might be possible to 
correct this situation locally, particularly in in- 
dustrial sections where the community may 
insist on a better background for future em- 
ployees. In many parts of the South, however, an 
increase in local taxes seems to be impossible and 
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therefore some other source of funds will have to 
be found to raise the standard of teachers’ 
training and to hold well-trained teachers in 
teaching positions. 

It is evident that the only way to remedy this 
situation—to attract and hold able, well-prepared 
science and mathematics teachers in the high 
schools, and thus to insure an adequate basic 
training for those who are to receive vocational 
and technical education—is to find some way of 
increasing the salaries of such teachers. This 
would (i) reduce the loss of such teachers to 
industry; (ii) encourage more able college stu- 
dents to prepare for such teaching; and (iii) 
facilitate the assignment of basic science and 
mathematics courses to teachers of vocational 
and technical subjects, who frequently have re- 
ceived superior preparation in these fields but 
who tend not to teach them because present 
provisions for augmentation of their salaries by 
federal aid do not apply except insofar as they 
offer strictly vocational and technical instruction. 

The existing provisions for federal aid to 
provide better salaries for teachers of vocational 
and technical subjects provide a precedent for 
similar action with respect to science and mathe- 
matics teachers and show how effective and 
satisfactory such action could be expected to be. 
The nation is already committed to a program of 
federally aided vocational-technical education in 
the schools. In 1942, the appropriations totaled 
about $286,401,000, of which about $230,690,000 
represented emergency appropriations. This work 
has demonstrated its value and also the fact that 
federal aid does not necessarily involve an un- 
desirable degree of federal control. 

No single policy can be said to characterize 
all of these programs. Some of them are largely 
dominated by federal administrative authority ; 
others are almost free of federal influence. It is 
probably fair to assume that if the federal govern- 
ment or any other appropriating body feels it 
necessary to appropriate money for any purpose, 
that body will assume enough control over the 
expenditure to assure itself that the purposes for 
which the appropriations were made are accom- 
plished. Any other assumption would appear to 
be unrealistic. 

Provision for the training of vocational teachers 
is definitely made by the Smith-Hughes and the 
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George-Deen Acts—the two acts in accordance 
with which the federal government and the states 
cooperate in the promotion of certain types of 
vocational education. 

A principal feature of the cooperative arrange- 
ment established between the federal government 
and the states is the provision for state plans. 
A state plan is prepared by the state board for 
vocational education, and it is then submitted 
to the U. S. Office of Education, which approves 
the plan if it is found to be in conformity with 
the provisions and purposes of the federal legisla- 
tion. In the plan will be found such items as the 
kinds of vocational education for which the 
appropriations are to be used, the kinds of 
schools and equipment, qualifications of teachers 
and plans for the training of teachers. It will be 
apparent that a state has much leeway in preparing 
ats plan. The only requirement is that the plan 
shall be in conformity with the law. The arrange- 
ment for the administration of vocational educa- 
tion is distinctly a cooperative one which oper- 
ates within the framework of the federal legis- 
lation. 

This provision is typical of what may be ex- 
pected of any law that is intended to provide for 
teacher training through federal funds. That it 
does not appear to contemplate very seriously 
federal control becomes also clear if one studies 
the training programs in teacher-training insti- 
tutions in the various states. This program varies 
widely from institution to institution. As long as 
the standards of teaching are met, there is no 
further interference with the local plan of the 
training institutions or with the state board in 
its program of teachers’ training. 

It has been recognized that technical training, 
not for a narrow specific area, but rather for a 
family of occupations and a comprehensive area 
of skills, is essential if the future employee is to 
be adaptable to varying employment conditions 
and to a variety of demands in one and the same 
industry. Moreover, training for the war effort, 
as in the ESMWT program and in the vocational 
war production training program, has brought 
out clearly that there are new areas of vocational 
and technical occupations for which training 
seems to be necessary and advisable. Engineering 
aides, technicians and laboratory assistants in 
the various branches of chemical, electrical and 
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mechanical industry could be prepared in new 
courses enlarging the present program, if this 


were made a permanent part of the secondary 
school curriculum. 


It is accordingly proposed by this committee 
that existing legislation relating to vocational and 
technical education be amended and future 
legislation be formulated to include provision, 
in addition to that now provided for such fields 
as vocational agriculture, home economics, trades 
and industries, and distributive occupations, for 
“the sciences basic thereto and (or including) 
mathematics.” 


Such amendment, specifically as relating to the 
sections of the law having to do with the prepara- 


tion and employment of teachers, would have the 
following effects: 


(1) As in the case of vocational agricultural and other 
vocational teachers, the standards which are set up by 
the state department of education in cooperation with the 
U. S. Office of Education will have to be met. This guaran- 
tees that certain minimum requirements would have to be 
fulfilled if federal aid is to be obtained for the teaching of 
the sciences and mathematics as basic to agriculture, 
trades and industries, distributive occupations, and the 
proposed vocational-technical training. 

(2) Since the effectiveness of engineering, technical and 
vocational education and training is largely dependent on 
the soundness of preparatory education in mathematics, 
physics and chemistry, programs of teacher training under 
existing and future acts supplying federal support for 
teacher training should then include provision for teacher 
training in these fields. 


The proposed amendment might well be part 
of a further modification of existing legislation 
that would also provide for: 


(1) Expansion of the present vocational and technical 
education program (now limited to work ‘“‘of less than 
college grade’’) to encompass activities ‘‘of scholastic 
standard commonly associated with work done in high 
school and in the first two years beyond high school, but 
excluding that done as part of a regular four-year cur- 
riculum;” 

(2) Authorization to the states to make use of and 
allocate support to the facilities of tax-exempt, though not 
publicly supported, universities, junior colleges, technical 
institutes, and the like, as well as to those publicly con- 
trolled; 

(3) Requirement that states—if they desire to partici- 
pate—designate or create state boards to exercise control 
over the program within their boundaries, such boards to 
consist of not less than seven members so selected as to be 
representative of the various fields of interest for which 
the vocational and technical programs prepare. 


The justification for the foregoing proposals is 
that the teaching of science is so intimately re- 
lated to the whole program of vocational and 
technical education that it seems desirable to 
integrate it with that program. Use of federal 
funds is justified because the programs which 
already involve federal funds will be strengthened 
by better science teaching and also because the 
developments now foreseen in the field of tech- 
nical education will be seriously handicapped 
unless better science teaching is assured. It, 
therefore, seems desirable to look forward to a 
single program of vocational and technical educa- 
tion involving the present programs carried 
under the Smith-Hughes and George-Deen Acts 
as well as the more advanced programs now de- 
veloping in technical education intimately associ- 
ated with them. This single program, which may 
be called ‘‘vocational and technical education,” 
cannot well succeed unless the supporting sciences 
are strengthened in the high schools. 

Advantages.—It is evident that an expansion 
of such programs will be called for as the war 
approaches its end and the shift to peacetime 
conditions becomes necessary. This program, 


geared to the increasingly technical character of 
occupations: 


(1) will meet the special problems of vocation read- 
justment for returned servicemen and war-industry em- 
ployees; 

(2) will satisfy the need for opportunities for such train- 
ing by persons who have completed high school, and aid 
the development of post-high school technical institutes 
and the like; 

(3) will make it possible for the small as well as the large 
high schools to provide adequate science and mathematics 
instruction and to enable their graduates successfully to 
pursue these vocational-technical courses as well as regular 
college courses in such fields as engineering; 7 

(4) would increase availability of vocational and tech- 
nical education to young people who grow up in com- 
munities too small to provide such training locally; and 

(5) would guarantee that the interests most vitally 
involved would have a voice in the working out of the 
programs in the several states. 


In summary, it may be said that the two sets 
of modifications proposed would have the follow- 
ing advantageous effects: 


(1) Provision of adequately trained teachers in the 
sciences; better preparation of science teachers will come 
only with better salaries; better salaries can be assured 
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only by including the teachers of sciences which are basic 
to technical education in the same program of federal 
subsidies as the teachers of technical subjects. 

(2) Improvement of the basic preparation—in science 
and mathematics—of persons for whom present and 
prospective provision of vocational and technical education 
is designed. This is essential to the effective functioning 
of any vocational and technical program. 

(3) Incidental improvement of the instruction in science 
received by high school students not planning to enter 
vocational and technical programs. Many such students 
would take the same courses as those for whose benefit 
the proposals in this report are specifically designed. Since 
science and mathematics are important elements in the 
preparation of every young citizen for participation in 
contemporary life—every aspect of which is increasingly 
affected by scientific developments—this incidental con- 
sequence must be considered an additional advantage. 
(If, however, it should be deemed improper or undesirable 
even incidentally to permit federal funds to be used to 
improve general education, the difficulty could be dealt 
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with by providing that the federal contribution to the 
salaries of science and mathematics teachers should be 
less than the half now given in the case of teachers of 
strictly vocational and technical courses.) 

(4) Establishment of a unified, properly supported 
program of vocational and technical education, including 
the mathematics and sciences that are esséntial elements 
therein, together with such post-high school work as is 
called for by the realities of the situation with which the 
country is faced, and making efficient use of the facilities 
of tax-exempt privately controlled, as well as of publicly 
controlled, educational institutions. 

(5) Encouragement of the development of a technical- 
institute type of training at the post-high school level 
called for by the needs of many occupations, geared to the 
programs of the high school below and properly differ- 
entiated for the advanced professional programs offered 
by engineering schools and comparable collegiate units. 

(6) Guarantee—through the proposed state boards—of 
local control, representing all leading interests in the 
problems in question. 


David Alter and the Development of Spectrum Analysis before Kirchhoff 


SANFORD C. GLADDEN 
University of Mississippi, University, Mississippi 


HEN the term spectrum analysis is men- 

tioned, one usually thinks of the German 
scientists KiRCHHOFF and BUNSEN as being the 
first to conceive of the idea of chemical analysis 
by means of the spectroscope. The gap inter- 
vening between NEWTON’s discovery of the 
spectrum and its application by K1iRCHHOFF and 
BUNSEN is filled, however, with the work of 
investigators in England, France and America, 
much of which followed the same line of reasoning 
as that employed by K1RCHHOFF and BUNSEN. 


EARLIEST DEVELOPMENTS 


After the initial observation by NEwrTon! in 
1666 that ‘‘the light of the sun consists of rays 
differently refrangible,’’ scattered references to 
various characteristics of the phenomenon appear 
in the literature. In 1752, THomas MELVILL,? 
a Scotch divinity student, observed the difference 
in the prismatic spectra of salammoniac, potash, 


1 Reported by Newton in Phil. Trans. Abridged 1, 128 
(1672). 

2 Melvill, Edinburgh Phys. and Lit. Essays 2, 12 (1756). 
A 40-page reprint of Melvill’s work is found in the J. Roy. 
Astronom. Soc. Can. 8, 231 (1914). 


alum, niter and sea salt. MELVILL’s work was 
presented before the Medical Society of Edin- 
burgh, but apparently little notice was taken of 
his observations. PRIESTLEY,’ writing 20 years 
later, gives numerous excerpts and comments 
regarding MELVILL’s work. One quotation is 
worthy of record :* 


Are not the rays emitted by all kinds of luminous 
bodies, similar to those of the sun, both as to colour 
and degrees of refrangibility; and do not luminous 
bodies differ frum one another only according to the 
colours which they emit most plentifully; in like 
manner as opaque bodies are distinguished by the 
colours of incident light, which they reflect in the 
greatest abundance? But to make our induction suffi- 
ciently strong, ought not, says he [Melvill], experi- 
ments to be made with the lights of a greater variety 
of bodies; and would it not further conduce to the 
illustration of this question, to form, by Sir Isaac’s 
method, a beam of solar light, consisting of such 
colours, and in such proportions, as were seen in the 
lights of salts and burning spirits, and then to observe 
in it the appearance of coloured bodies. 


3 J. Priestley, The history and present state of discoveries 
relating to vision, light and colours (London, 1772). 
4 Ref. 3, p. 759. 
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Str JOHN HERSCHEL investigated the spectra 
of a number of colored flames, such as those 
employing strontium chloride, potassium chlo- 
ride, copper nitrate and boracic acid. He came 
to the conclusion that substances possess charac- 
teristic spectra. 

H. Fox Tavsor‘ also studied the character- 
istics of colored flames. After describing the 
prismatic spectra of salt, sulfur, and niter, he 
concluded his paper with the statement, 


. if this idea [concerning the individuality of 
spectra ] is exact and applicable to other definite rays, 
an examination of the prismatic spectrum of a flame 
could show whether it contains certain substances 
which otherwise could not be discovered except by a 
laborious chemical analysis. 


Reference is made to TALBOT’s work by BREW- 
STER.” In BREWSTER’s paper mention is also 
made of the Italian, ZANTEDESCHI, who is noted 
for his many papers on the horizontal dark lines 
in the solar spectrum. 

Both HERSCHEL and TALBoT were led astray 
in their explanations because sodium lines ap- 
peared in the observed spectra although they 
were confident that no sodium was present. 
Unacquainted with the minute quantity of sub- 
stance required for the production of a spectrum, 
they attributed the yellow lines to the presence 
of water. KrrcHHorF® stresses this feature of 
their work in the attempt to show that they were 
inconsistent in the explanation of their results. 

In 1835, at the Dublin meeting of the British 
Association for the Advancement of Science, 
CHARLES WHEATSTONE, professor of experimental 
physics at King’s College, London, delivered a 
paper, “On the prismatic decomposition of 
light.” WHEATSTONE found that the spark 
spectra of the metals examined—Zn, Cd, Sn, Bi 
and Pb—differed so materially that, 


. by this mode of examination the metals may be 
readily distinguished from each other. . . . When the 
spark is taken between balls of dissimilar metals the 
lines appertaining to both are simultaneously seen. 


a Trans. Roy. Soc. Edinburgh 9, Pt. II, 445 


(182 

6 Talbot, Edinburgh J. Sci. 5, 77 (1826). 

7 Brewster, Comptes rendus 62, 17 (1866). 

8 Kirchhoff, Phil. Mag. [4] 25, 250 (1863). 

9 Wheatstone, Brit. Assoc. Rep. (1835), Pt. 2, p. 11. 
A reproduction of Wheatstone’s spectral chart appears in 
G. Salet’s Traité elémentaire de spectroscopie (Paris, _— 


The first photograph of the solar spectrum 
seems to have been made by E. BECQUEREL." 
About a year later, in 1843, JoHN WILLIAM 
DraPER," professor of chemistry in the University 
of New York, also photographed the solar spec- 
trum, indicating a number of lines in the infra- 
red not recorded by BECQUEREL. Because of the 
peculiar sensitivity of the emulsion used, DRAPER 
did not obtain a record of the yellow, orange and 
green portions of the spectrum. He was thus led 
to erroneous conclusions regarding the actinic 
quality of these regions of the solar spectrum. 
DRaPER also investigated the character of light 
emitted by a gradually heated body.” 

WILLIAM ALLEN MILLER, professor of chem- 
istry in King’s College, London, performed a 
number of experiments on the spectra of the 
alkaline earth metals.“ Although his paper was 
illustrated with spectral charts in color, his 
deductions are impaired by the fact that he 
used a luminous flame. Thus it was difficult to 
employ the charts as distinctive tests for the 
metals. KIRCHHOFF® comments on this lack of 
differentiation as proof that MILLER’s results 
were undependable and did not antedate Kircu- 
HOFF’s own researches. 

LEon FoucauLt" first observed the reversal 
of the sodium lines, by passing light from a 
source containing sodium through that of a 
carbon arc. His work had been anticipated by 
BREWSTER,” who had observed the absorption 
bands present when light was passed through 
peroxide of nitrogen, and was confirmed by 
ANGSTROM,'* who stated after numerous experi- 
ments that the rays which a gas can absorb are 
precisely those which it can give off when 
luminous. 

Over a period of some four years (1851- 55), 
Masson"? investigated the nature of the electric 


10 Becquerel, Bibl. Univ. de Genéve 40, 341 (1842). 

1 Draper, = Mag. $ 22, 360 (1843). 

12 Draper, Am. J. Sci. 4, 388 (1847); Phil. Mag. [3] 
30, 345 (1847). 

18 Miller, Phil. Mag. [3] 27, 81 (1845). 

M4 Foucault, L'Institut, p. 44 (1849). 

15 Brewster, Trans. Roy. Soc. Edinburgh a2, Pe Til, 
519 (1834) ; Phil. Mag. [3] 8, 384 (1836); Brit. Assoc. 
Rep. (1842), Pt. 2, 9.15, 

16 Angstrém, Phil. Mag. [4] 9, 327 (1855); Pogg. Ann. 
[4] 94, 141 (1855). 

17 Masson, Ann. chim. phys. [3] 31, 295; 45, 385 (1855) ; 
Arch, sci. phys. nat. [1] 29, 149 (1855). 
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spark, employing different kinds of metallic 
electrodes and various mixtures of gases or 
liquids. 


THE WORK OF DAVID ALTER 


During the years 1854-55, a country physician 
of Freeport, Pennsylvania, though hampered by 
straitened financial circumstances, poor library 
facilities and lack of contact with other scientists, 
reported on studies he had made of spectrum 
analysis, obtaining results that rank creditably 
with those of the European workers. His name 
was Davip ALTER (1807-1881). Quoting from 
one of his biographers, Dr. J. K. MAXWELL:!® 


_ As a physician in a country village, his life, as is 
too often the case, was one of incessant and ill-requited 
drudgery and toil. By his neighbors he was revered and 
respected; but, as a practitioner, his long life was worn 
out in arduous attendance upon the frequently distant 
bedsides of those who were unable, or perhaps un- 
willing, to furnish him in return even the means of 
keeping a horse, or otherwise defraying his necessary 
expenses in attending them. Such, indeed, is the 
ordinary experience of country physicians; and to 
others situated as he was, it seems marvelous that a 
man constantly engaged in duties as arduous, and 
forced to maintain a constant struggle with his in- 
auspicious surroundings for the very means of ex- 
istence for himself and his family could even retain 
in his mind whatever of the first principles of science 
he might have acquired in his earlier and less busy 
years. But the marvel increases when we consider 
that, from boyhood to old age, he never ceased to 
carry on, with instruments of his own construction, 
a series of profound, original and successful investi- 
gations on nearly every branch of natural science. 


ALTER!® was born December 3, 1807 not far 
from Freeport, Pennsylvania, in Westmoreland 
County, in the region now included in Allegheny 
Township. His father, JoHN ALTER, was born 
in 1771, and in 1800 moved to Westmoreland 
County in western Pennsylvania. DAvip’s mother 
was ELEANOR SHEETZ, of Swiss descent, whose 
grandfather had come to America in 1740. 


18 Trans. Med. Soc. Penn. 14, 299 (1882), an obituary 
address delivered by Dr. Maxwell. 

19For material on Alter’s life, see an article by Dr. 
Frank Cowan in the Pittsburgh Dispatch in January 1882; 
sketches by Cowan in G. D. Albert’s History of the county 
of Westmoreland, Pa. (1882), and by J. B. Laux in the 
Pennsylvania German (Mar. 1910); H. A. Kelly and W. L. 
Burrage, American medical biographies (1920), p. 22; 
Dictionary of American Biography (1928), vol. 1, p. 230. 
Also see Maxwell, ref. 18. 
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His early educational opportunities appear to 
have been very meager, so much so that he was 
largely self-taught. At the age of nine he was 
given a life of BENJAMIN FRANKLIN, and later a 
book on electricity, together with a few simple 
electrical devices. These attracted him strongly 
to the study of electricity. 

At the age of 21, ALTER entered the Reformed 
Medical College in New York City, graduating 
three years later. In 1832 he married Laura 
ROWLEY, by whom he had three children. 

Independently of the work of Morse and 
WHEATSTONE, he perfected in 1836 an electric 
telegraph, consisting of seven wires, the current 
deflecting a needle on a disk at the end of each 
wire. Combinations of deflections spelled the 
messages. This arrangement was in actual use 
between his house and barn at Elderton, Arm- 
strong County, Pennsylvania, but a patent was 
refused apparently on the ground that such an 
invention was absurd. 

In 1837, Doctor ALTER invented a small 
machine that was run by electricity, and on 
June 29, 1837, published in the Kittanning 
(Pennsylvania) Gazette an elaborate article on the 
use of electricity as a motive power under the 
title, “Facts relating to electro magnetism.” 
‘This article was widely read and was referred to 
in SILLIMAN’s Principles of Physics.*° An electric 
clock was also devised by him. 

In 1844, he married ELIzABETH A. ROWLEY, 
who bore him eight children—four sons and four 
daughters. One son, MyRoN HALE ALTER, gradu- 
ated in medicine at the Baltimore Medical Col- 
lege and rose to prominence as a physician. 

In 1845, in association with Dr. EpWarp 
GILLESPIE and JAMES GILLESPIE of Freeport, he 
began the manufacture of bromine* from the 
mother liquid of salt wells, by a process which 
he and his partners invented and patented.” 
A large jar of this then rare substance was ex- 


20Silliman, First principles of physics, or natural phi- 
losophy (Philadelphia, ed. 1, 1859; ed. 2, 1861). 

21 Thorpe, Dictionary of applied chemistry (1918), vol. 1, 
p. 566; H. A. Kelly and W. L. Burrage, American medical 
biographies (1920), p. 22; Mellor, Comprehensive treatise on 
inorganic and theoretical chemistry (1922), vol. 2, p. 39. 

22 Patent No. 62,464, issued Feb. 26, 1867; see Index 
of patents issued from the United States Patent Office, from 
1790 to 1873, inclusive (Washington, Govt. Printing Office, 
1874), p. 155. 
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hibited at the World’s Fair in New York in 
1853, where it attracted much attention. 

Before the discovery of petroleum, he had 
invented a rotating retort for the extraction of 
oil from cannel coal. This invention bade fair to 
become a profitable industry until the drilling 
of the first Pennsylvania oil well rendered the 
operation superfluous. 

ALTER acquired great facility in the grinding 
of lenses and prisms. After the great fire of Pitts- 
burgh, April 10, 1845, he obtained a fragment of a 
large mass of flint glass found in the pot of a 
glass-house destroyed in the fire, and ground a 
prism with a refracting angle of 74°. With this 
prism he engaged upon a number of observations 
relating to spectra, publishing two papers on 
his results. 

In his first article, ‘‘On certain physical proper- 
ties of light, produced by the combustion of 
different metals, in the electric spark, refracted 
by a prism,’ ALTER refers to the work of 


FRAUNHOFER relative to the dark lines of the 
He employed the afore-men- 
tioned flint glass prism and a fine slit made in 
sheet brass. First he observed the solar spectrum, 


solar spectrum. 


and was able to count 12 or 13 of the Fraunhofer 
lines. ALTER then describes the spectra of a 
petroleum lamp, tallow candle, alcohol flame, 
heated wire and charcoal, and the spark spectra 
of Ag, Cu, Zn, Hg, Pt, Au, Sb, Bi, Sn, Pb, Fe 
and brass. In the latter group he observed a 
number of colored bands. A chart illustrating his 
results appears in his paper and is reproduced in 
the various abstracts. 

The second paper*! continues the previous 
work. On investigation, ALTER found that the 
colored bands previously observed in the spark 
spectra were due to the medium through which 
the spark passed. He then employed as mediums: 
air, hydrogen, nitrogen, chlorine, carbonic acid, 
sulfuretted hydrogen, and oxygen. During this 


3 Alter, Am. J. Sci. [2] 18, 55 (1854); Jahresberichte 
ub. d. Fortschr. Chem., Phys., Mineralog. u. Geol., p. 118 
(1854); Kayser, Handbuch der Spectroscopie (Leipzig, 
wae vol. 1, p. 67; Robeson, Physics (Macmillan, 1942), 
Pp 

24 Alter, Am. J. Sci. [2] 19, 213 (1855); Jahresberichte 
ub. d. Fortschr. Chem. ke Phys., Mineralog. u. , p. 107 
(1855); Arch. sci. phys. Nat. [1] 29, 151 (Geneva, 1855); 
L'Institut, p. 156 (Paris, 1856); Kayser, Handbuch der 
Spectroscopie (Leipzig, 1900), vol. 1, p. 68. 


second group of experiments, ALTER stained a 
piece of paper with an alcoholic tincture of 
tumeric, then photographed the solar spectrum 
in the following manner :® 


Being desirous to know whether corresponding rays 
exist in the actinic rays, I adopted the following 
method. The sun’s rays were admitted into a dark 
chamber, between the edges of two pieces of sheet 
brass about eight inches in length and separated 
about the thirtieth of an inch, at one end, but in 
contact at the other. 

Near the outside of the aperture thus formed, was 
placed a large lens, five feet in focus. Near the focus of 
the lens in the chamber, the rays pass through 4 prism 
and through a second lens of about 20-inch focus, 
which shows the dark lines very distinctly on white 
paper, at its focus, for rays coming from the slit. 
The prepared Daguerrotype plate, placed in the focus 
and exposed for one or two seconds, produces the 
effect. 

In the Daguerrotype, which I send you there are 
two spectra caused by filing the brass slips so as to 
cause an aperture one side of the point of contact. 
I have placed the letters on the lines as given in 
Brewster's Optics, 1837, page 79. They would corre- 
spond with Prof. Draper’s (see this Journal, March, 
1848) if the H occupied the place of I. 

I could not see the spectrum further than the 
breadth of the second broad line at J in the direction 
beyond that line, when looking through the prism and 
slit at the sun. But by receiving the spectrum on paper 
stained with alcoholic tincture of tumeric, several dark 
lines can be seen beyond these and the blue appears 
to be changed to violet down to the line F. 


It is interesting to note the close timing in 
publication of foreign notices of ALTER’s work 
and that of European scientists. ANGSTROM’s 
researches" appeared in the same year as ALTER’s 
second paper.** The abstract of Alter’s second 
paper in the Archives des sciences physiques et 
naturelles,*4 ‘“‘Sur quelques propriéties physiques 
du spectre produit par la lumiére de letincelle 
électrique dans certains gaz, par M. D. Alter 
(American Journal of Sc. and Arts, Mars, 1855),” 
is immediately preceded in the same journal by 
a résumé of MAsson’s work,!’? “Sur la lumiére 
électrique, par M. Masson (Comptes rendus de 
L’Acad. des Sc. du Avril 1855).” 

In 1857, SwaAn,?® while studying the spectral 
character of hydrocarbon flames, showed the 


% Alter, Am. J. Sci. [2] 19, 214 (1855). 
26 Swan, Trans. Roy. . Edinburgh 21, Pt. III, 411 
(1857); Pogg. Ann. [2] 100, 306 (1857 
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great sensitivity of spectrum analysis. Noting 
the presence of the yellow lines of sodium, 
which had appeared under circumstances that 
HERSCHEL’ and TALBoT® thought prohibited the 
presence of sodium, SWAN proved that one- 
millionth of a grain of salt was sufficient to 
produce a spectrum pair of observable intensity. 
In 1859, VAN DER WILLIGEN?’? and PLUCKER?® 
carried on rather similar researches on the spectra 
of gases through which an electric spark passed. 
In the same year, KIRCHHOFF,?’ working with 
BUNSEN, published the first of a long series of 
articles dealing with spectrum analysis. 
Apparently KircuHorr, even four years later, 
considered Alter’s work of insufficient importance 
to mention, since we find a friend of ALTER’s, 


27 Van der Willigen, Pogg. Ann. [2] 106, 610 (1859); 
107, 473 (1859). 

28 Plucker, Pogg. Ann. [2] 107, 497; 107, 638 (1859). 

29 Kirchhoff, Pogg. Ann. [2] 110, 161 (1859). 


E. C. WATSON 


Dr. EDWARD STIEREN,*° of Tarentum, Pennsyl- 
vania (7 mi from Freeport), submitting for 
publication in Poggendorf’s Annalen a German 
translation of a letter to him from ALTER. In 
this letter ALTER comments on the oversight of 
KiRcHHOFF in failing to note the work of an 
American experimenter that antedated his re- 
searches. KAYSER™ pays ALTER a just compli- 
ment in saying, 
“Man sieht, dass Alter ein recht guter Beobachter 


war, der etwa denselben Standpunkt auf dem Gebiete 
der Ernission erreicht hat, wie Angstrém.” 


Doctor ALTER died in Freeport, Pennsyl- 
vania, September 18, 1881, aged 74 years. The 
exact cause of death is unknown, but appears 
to have been a gradual weakening of the vital 
powers incident to old age. 


30 Stieren, “‘Zur Spectral-Analyse,” Pogg. Ann. [5] 132, 
469 (1867). Neither Kayser (ref. 23) nor Johnson’s Dic- 
tionary of American Biography (ref. 19) gives the correct 
title of this article. 


Reproductions of Prints, Drawings and Paintings of Interest in the History of Physics 


20. Rocket Practice in the Marshes, 1845 


E. C. Watson 
California Institute of Technology, Pasadena, California 


HE present war has witnessed the rebirth 

of the rocket as a military weapon. 
Rockets have been used extensively by both 
sides and at the present time show every sign of 
playing an increasingly important role in future 
warfare. It may therefore be of interest to repro- 
duce a print showing the military use of rockets 
more than a hundred years ago when their 
advocates were predicting that they would 
actually supersede guns. 

Rockets have been used for pyrotechnic dis- 
plays for many centuries. MS Liber ignum 
ad comburendos hostes,? ascribed to MARcus 
GraAEcus and probably written in the eighth 
century, describes Greek fire and other incendi- 


1See Tenney L. Davis, The chemistry of powder and 
explosives (Wiley, 1941), vol. 1. 

? Bibliothéque Nationale, Paris. This interesting manu- 
script, which may be a pseudograph, was reprinted in full 
by Hoefer in his Histoire de la chémie (Paris, ed. 2, 1866), 
vol. 1, p. 517-524. 


aries, as well as a form of black powder and its 
use in rockets (flying fire). ROGER BAcoN 
(ca. 1214-ca. 1294) published a description of 
gunpowder and was acquainted with rockets and 
firecrackers but not with guns.’ Pyrotechnic and 
signal rockets are still made essentially as they 
were described by HANZELET LoRRAIN? in 1630. 

Rockets have from the earliest times been 
used for military purposes, first in Asia and later 
in Europe and America. Their history constitutes 
an obscure chapter in military annals, however, 
until the early nineteenth century, when SIR 


3 De mirabili potestate artis et naturae (1242); also De 
secretis oberibus artis et naturae (Hamburg, 1618). See in 
this connection The Opus Majus of Roger Bacon, tr. by 
R. B. Burke (Philadelphia, 1928), vol. 2, p. 629; Roger 
Bacon's letter concerning the marvelous power of art and of 
nature and concerning the nullity of magic, tr. by T. L. 
Davis (Easton, Pa., 1922); H. W. L. Hime, The origin of 
artillery (London, 1915). ; 

4 Hanzelet Lorrain (Jean Appier), La pyrotechnie (Pont 
a Mousson, 1630). 





EARLY ROCKETS 


ROCKET PRACTICE 


WILLIAM CONGREVE (1772-1828) perfected the 
efficient rocket weapons’ which became “the 
terror of Europe” for 50 years and which blazed 
their way into The Star-Spangled Banner. Before 
1860 the greatly increased accuracy and ease of 
fire resulting from the developments of modern 


artillery brought about a gradual loss of interest 
in rockets, and they were declared obsolete by the 
end of the century. Their re-emergence in the 
present war is attributable to their great mobility 
and fire power and the fact that they exert little 
or no recoil on the structure from which they 
are launched. These are factors of great im- 
portance in modern triphibious warfare. It would 
be a mistake, however, to believe, as Congreve 
did, that rockets will ultimately supersede guns; 
because of their smaller efficiency and accuracy 
they should in general be employed only where 
guns cannot be used. The two types of weapon 
merely supplement each other. 

Since excellent accounts of military rockets, 
as well as of their history, have been published 


5 William Congreve, A Concise account on the origin and 
progress of the rocket system (Dublin, 1817), The details of 
the rocket system (London, 1814), A treatise on the Congreve 
rocket system (London, 1827). Congreve was an ingenious 
and versatile man of science, a Fellow of the Royal Society 
and the inventor of many ingenious devices. His portrait will 
be found in William Walker’s engraving of the Eminent 
men of science of Great Britain living in the years 1807-1808, 
which was reproduced in No. 6 of this series [Am. J. 
Phys. 7, 185 (1939). 


IN THE MARSHES 


recently by LEONARD ENGEL and WILLY LEy,’ 
one will not be attempted here. Much more will 
undoubtedly be published on the subject as soon 
as the military censorship is lifted. 

The print here reproduced was published by 
J. GRANT WOOLWICH to illustrate the Army and 
Navy Register and Woolwich Gazette for 1845. 
It shows one of the Congreve rockets being fired 
at a target. Congreve rockets were ultimately 
made in sizes to represent all types of artillery 
ammunition then in use. They had ranges up to 
3000 yd and were fired, as shown in the print, 
from thin-walled tubes supported on simple 
wooden tripods. The contrast between the solid- 
ity of the cannon shown at the left of the print 
and the flimsy rocket launcher emphasizes one 
of the principal advantages of rockets as military 


- weapons. Apparently the blast from these early 


rockets was an impressive if not a terrifying 
sight, for the artist responsible for this print 
shows it issuing in both directions from the firing 
tube even after the rocket is well on its way. 

That, however, the firing of military rockets 
was by 1845 a more or less familiar sight is 
cleverly indicated by the attitude of the young 
officer shown at the right of the print who is 
more interested in the ladies beside him than 
he is in the firing which is taking place. 

6 Leonard Engel, Infantry J. 54, 58 (1944). 


™Willy Ley, Rockets (New York, 1944); see especially 
chap. 3 and the excellent bibliography on p. 277. 





On the Use of Units for Force and Weight in Physics Textbooks 


Mario Iona, Jr. 
The University of Chicago, Chicago, Illinois 


MONG the “‘student’s misconceptions”’ re- 

cently listed in this journal! was the belief 
that the pound-weight, as defined in physics, 
varies with the locality. However, not only first- 
year students have misconceptions about the 
units of weight; there are inconsistencies in the 
physics textbooks as well, a fact that seems to 
me to be one of the chief reasons for the existence 
of a so-called mass-weight confusion. The diffi- 
culty lies not so much in the concepts of mass and 
weight as in the unfortunate choice of the units 
of force, absolute and variable,? without any 
clear and distinct nomenclature for this differ- 
ence. How can one explain to a student that the 
weight—the gravitational force on an object— 
varies with locality, if one discusses weight in 
terms of the pound-weight as unit, which accord- 
ing to the Smithsonian tables,’ is a unit which 
varies with locality? 

Most physics textbooks, even those in which 
the need for distinction between mass and 
weight seems to be realized, fail to state the 
situation clearly. One can find statements about 
the fact that the gravitational force on a given 
object changes with location, as for example, 
with the distance from the center of the earth. 
To show that these variations of the gravita- 
tional force are not negligibly small, it is, for 
example, pointed out that the difference in weight 
between positions at the ceiling and at the floor 
of a room would be detectable by means of a good 


analytic balance. Such a statement, however ’ 


correct about the magnitude of the forces in- 
volved, is misleading, since an analytic balance 
could not be used in such an experiment in the 
form in which it is commonly set up in the 
laboratory. Or the book may discuss the differ- 
ence between a spring balance and a beam 
balance as possible instruments for the measure- 
ment of weight, which is said not to have a 


1Am. J. Phys. 11, 164 (1943). 

* The term “variable” will be used for quantities and 
units which do not have a constant magnitude if measured 
in an absolute system (for example, in the cgs system). 

3 Smithsonian Physical Tables (ed. 8, 1934), for example, 
conversion of foot-pounds to joules. 


fixed invariable value; then it is stated that the 
spring balance gives faulty readings since it is 
calibrated at one place only, whereas the beam 
balance in comparing gravitational attractions 
compares weights, because it carries its standard 
weights along with it. This statement is corrected 
later when it is pointed out that there does not 
exist a standard of weight. Many such statements 
can be justified in terms of the units used for 
each balance, but it must be kept in mind that 
measurements with different types of balance 
give the results in different units. 

It appears that the difficulty in the use of the 
gravitational unit in a physics course which puts 
the emphasis on understanding the concepts of 
mass, force and weight lies in the fact that these 
units—for example, the pound-weight, or pound- 
force—are sometimes used as standard, invariable 
units and sometimes as “‘the gravitational attrac- 
tion exerted on one pound (mass) by the earth,” 
in which case the units vary with location. 

In physics textbooks for engineering students 
and in engineering handbooks the authors usually 
use the term ‘‘pound’’ to mean the standard- 
pound-force. In textbooks for students of pure 
science the variable unit is preferred. But there 
are very few textbooks in which consistent use 
is made of either one of the two points of view. 

In the British engineering system the pound- 
force is defined as 32.1740 lb ft/sec?. The weight 
of an object in any locality then is equal to 
W =(Wo/g0)g, Wo being the weight at the locality 
where the gravitational acceleration has the 
standard value go (go=980.665 cm/sec? = 32.1740 
ft/sec?, which is nearly the value of g at 45° 
latitude). Here the numerical value of the weight 
varies directly with g, since the unit is constant. 

Most physics textbooks,‘ however, define the 
unit pound-force as the gravitational force on a 
pound of mass. This unit is variable so that the 
numerical value of the weight of an object, if 
measured in this unit, does not change with 

4For example, A. Foley, College physics (Blakiston, 
1933); R. B. Lindsay, Handbook of elementary physics 


(Dryden, 1943); H. B. Lemon and M. Ference, Jr., Analyt- 
ical experimental physics (Chicago, 1943). 
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UNITS FOR FORCE AND WEIGHT 369 


TABLE I. Definitions and use of the units df force. 


Units of force 


Pound- 
weight 
(Ib-wt) 


Unit based on 
the weight of 
a standard 

sens the 

gravitational 

an acceleration of — force on a 
aioe pound of 

32. 1740 mass at the 
‘sec? | given location 


. Pound-force 
Dyne_ | Poundal (Ib-f) 
Relation be- 
tween units 
of force and 
fm a an — 
undacceleras |_!em | 11> | tslug | 11 
tion: 


Unit is based on an absolute value 
of force, the force which gives the 
unit of mass, namely 





1 cm/sec? | 1 te/ sec? | 1 ft, sec? 


ainda ome ae 
by 5 ees ably by 
lengineers|_ 


At present 
used: 

Usual method 
for direct 
measurement: 





by me sicists “physicists 


spring balance beam balance 


TABLE II. The gravitational force on ten pounds of mass 
at different locations. 


Value of g 
(cm/sec?) 
(ft/sec?) Location Dyne* 


983.217 Pole 
32.2577 


978.039 
32.0878 


975.556 
32,0063 


980.665 
32.1740 


Gravitational force on 10 Ib of mass 
at the location indicated 
Poundal lb-f = Ib-wt 


445.98 X10! 322.577 10.026 10 


Equator 443.63 X10! 320.878 9.973 10 


Equator,5 mi 442.05X104 320.063 9.948 10 
elevation 


Standard 


444.82 X10 321.740 10 10 
location 





*1 Ib =453.5924 gm. 


locality. Many authors use for convenience the 
pound-force as 32.2 lb ft/sec? so that it is im- 
possible to decide whether they are using it as a 
convenient average for the variable unit, or as an 
abbreviated expression for the standard value. 
In discussing the British engineering system of 
units, some authors go so far as to claim that the 
mass unit in that system [Wo=mass (slugs) -1 
(ft/sec?) = m(Ib) - go(ft/sec?) = Wgo/g(Ib—f) ] var- 
ies with g. 

In a discussion of the difference between mass 
and weight, which is recognized as an important 
distinction in almost all courses of physics, one 
has necessarily to touch on the matter of vari- 
ability of weight. It seems therefore worth while 
to find a more clearly defined terminology, 
mainly in the distinction between the different 
units of force. 

Since the engineering term “pound’”’ is also 
used in physics to obtain a unit of force with 
which the students are familiar and which is 
larger than the dyne, it would remove many 
difficulties if one would accept this unit as a 
standard unit for force and call it distinctly 


pound-force (lb-f). On the other hand, the unit 
which is dependent on the local gravitational 
acceleration, that is, on the weight of one pound 
(mass) should be the pound-weight (lb-wt), a 
variable unit. An analogous distinction can be 
made in the metric system between gram-force 
(gm-f)® and gram-weight (gm-wt). This distinc- 
tion is actually made in a few textbooks, but 
without any explicit statement as to why the 
term pound-weight is preferred to pound-force. 
This usage would also be in agreement with the 
use of gram-weight as defined in the Handbook 
of Chemistry and Physics. Of course it may be 
better still to abolish the variable unit, but as 
long as we define it in almost all physics books 
we should also distinguish it in name from 
the fixed gravitational unit. The use and defini- 
tions of these units can perhaps best be sum- 
marized in two tables (Tables I and I]). 

At present the two terms pound-weight and 
pound-force are used interchangeably for either 
variable or constant units of force; in order to 
differentiate them, one has to characterize the ab- 
solute unit as standard-pound-force. Why should 
not one of the terms be used as a unit of force 
(in which a spring balance can be calibrated) and 
the other as a unit of weight which changes with 
locality as the weight does? The purpose of this 
note is to suggest that each of the two different 
units now in common use should be given one 
of the two names which are available. This 
would simplify the distinction between variable 
and fixed units of force as long as physics text- 
books employ both units. For practical calcula- 
tion—for example, in the textbook problems— 
use of the constant unit instead of the variable 
can always be suggested because the numerical 
difference is rather small. The differentiation 
between the two units also in their names will 
simplify the discussion of mass, force and weight 
for those who wish to introduce the differences 
between systems of units; on the other hand, it 
would not affect the use of the terms for those 
who think they can avoid making this distinction. 

I wish to express my appreciation to Mr. R. J. 
Stephenson for many valuable discussions in con- 
nection with this note. 


5 The abbreviation “‘gf’’ leads frequently to a confusion 
among students of the g with the symbol g for gravita- 
tional acceleration. 





An Experiment on the Coefficient of Sliding Friction 


ERLING JENSEN 
Iowa State College, Ames, Iowa 


HE equation of motion of a block of mass M 
sliding down an inclined plane that makes 
an angle @ with the horizontal is 


Mg sin @—yMg cos = Ma, (1) 


in which yu is the coefficient of sliding friction. 
Solving for u, we get 


p=tan 0—(a/g cos @). (2) 


In order to calculate wu from Eq. (2), the angle of 
inclination @ and the acceleration a of the block 
down the incline must be measured. 

The apparatus used in this experiment is 
shown in Fig. 1. The inclined plane is a piece of 
maple 3 in. 4 in. X5.5 ft. Years ago it was used 
for Galileo’s inclined plane experiment. Along the 
entire length of this plane is a countersunk 
channel, as shown in Fig. 1(0). In the deeper 
part of the channel are three copper wires, above 
which, in the shallower part, is placed a specially 
prepared paper tape 1 in. wide. This shallow 
channel also serves as a guide into which fits a 
thin wooden strip fastened to the bottom of the 
block B, as in Fig. 1(c). 

One of the wooden blocks used in this experi- 
ment is 2X4 X6 in. A metal rod 35 in. in diam- 
eter passing through the block serves as a con- 
ductor between the wire W and the wires in the 
groove. The lower end of this metal rod is con- 
nected to a piece of metal, as shown in Fig. 1(c), 
so that the path of the spark between it and each 


ENO VIEW OF 
OF BLOCK B INCLINED PLANE 


(c) (b) 


Fic. 1. Diagram of apparatus. 


of the three wires in the channel is made as short 
as possible. The usual spark timing apparatus is 
used with about 15 intervals per second. The 
wires in the inclined plane are grounded so there 
is no danger of a shock from them. As the block 
slides down the inclined plane a spark jumps 
periodically from the wire W to the rod in the 
block of wood and then to one of the three wires 
in the inclined plane. A key K makes it possible 
to use any one of the three channel wires and 
thus to obtain three traces on one tape. The 
traces can be analyzed in the usual manner! to 
determine the acceleration a of the block. 

The normal force N pushing the block against 
the plane may be varied by placing slotted 
weights on the block. Many physics textbooks 
arbitrarily state that u is independent of N, but 
this apparatus is capable of showing that it de- 
creases with an increase in JN. In a series of runs 
a block of white pine of mass 326 gm was used. 
When a 3-kg weight was placed on the block the 
average decrease in » was about 3 percent at an 
angle of inclination of 30°. The addition of 
another 3-kg weight did not change uw appreci- 
ably. At an angle of 40° the change in » with 
the normal force was not so apparent. 

The areas in contact may be varied by placing 
a block on edge. The change in y» with area is 
small. The ratio of the two areas in contact with 
the inclined plane for a block on its side and one 
on its edge was 3.4 to 1. The velocity may be 
varied by increasing the angle 6. With the block 
on its side there was no appreciable change in yu 
with velocity. However, with a block on its 
edge yw increases about 4 percent when the angle 
of inclination is changed from 30° to 40°. Various 
sliding surfaces may be made by fastening 
different materials on the bottom of the blocks. 

The data from which the results shown in 
Table I were calculated were obtained in less 
than half an hour. This particular set of results 
was chosen because the variations in yw agree 
quite closely with the average values of a large 


1E. M. Pugh, Am. J. Phys. (Am. Phys. T.) 4, 70 (1936). 
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DEVICE FOR RECORDING ELECTROSTATIC FIELDS 


TABLE I. Coefficients of sliding friction. White-pine block 
on an inclined plane of maple. 


Block 
on edge 
30° 40° 
282 249 


Block on side 


30° 40° 
715 1150 249 


0.333 0.318 0.317 
334 .319 .320 
92 22 323 
0.333 0.320 0.320 


N 282 633 
(gm wt) 

0.328 0.325 
oSLt . ook 
eo .a20 
0.327 0.328 


0.325 0.336 
320 = .334 
316 337 
0.320 0.336 





number of determinations. However, the sepa- 
rate values of yu in this particular set are a little 
more constant than those ordinarily obtained. 
The three values of » in each vertical column 
represent three successive runs on a single tape. 
The value of yu will of course change appreci- 
ably from one day to the next, but the variations 


in w are approximately as given by the results in 
Table I. 
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E. H. Collins? has described an experiment on 
the principle of conservation of energy applied 
to a-cylinder rolling down an inclined plane, in 
which the decrease in potential energy is com- 
pared with the increase in kinetic energy. The 
present apparatus will also serve for this type of 
experiment if the wooden block is replaced by a 
cylinder that rolls down the inclined plane. The 
cylinder may be of metal or of wood with a thin 
narrow metal band around it to serve as a con- 
ductor. The linear and angular velocities can be 
determined at two points on the inclined plane 
from the trace on the tape and the radius of the 
cylinder. If the moment of inertia of the cylinder 
is calculated from its mass and dimensions, the 
gain in kinetic energy can be calculated and 
compared with the loss in potential energy. 


2Am. J. Phys. 12 (1944). 


A Device for Rapid and Automatic Recording of Electrostatic Fields 


ALBERT D. EHRENFRIED 
University of Maine, Orono, Maine* 


HE plotting of electrostatic fields is a helpful 

experiment for the student and an indis- 
pensable part of many types of research. The 
device described herein was developed as an 
undergraduate thesis project and records equi- 
potential points automatically, thus greatly re- 
ducing the tediousness of field plotting. 


OPERATING PRINCIPLES 


The cartographic apparatus plots field con- 
figurations produced in the usual manner in a 
trough of water, and comprises a table which 
supports light-sensitive paper over the water 
trough, and a C-shaped arm which rides on the 
table as shown in Fig. 1. An exploring probe in 
the lower part of the C-arm skims along the 
surface of the water in the trough, and a plotting 
light, mounted in the upper part of the arm di- 
rectly over the exploring probe, moves in contact 
with the light-sensitive paper. An electronic 
switch turns the plotting light on whenever the 


* Now at Radiation Laboratory, Massachusetts Institute 
of Technology, Cambridge, Massachusetts. 


exploring probe is at the potential of a fixed 
selector probe. Thus, by zigzagging the exploring 
probe in the vicinity of the equipotential line 
chosen by the selector probe, a series of points 
forming the desired equipotential curve is photo- 
graphically recorded. 

The plotting-light circuit is closed by the 
action of a contact wire bridging two mercury 
pools. This wire is attached to the needle of a 
milliammeter, and the mercury pools are so 
located under the needle that the wire can brush 
through both of them simultaneously (Fig. 1). 
The milliammeter is in the plate circuit of a 
triode amplifier whose cathode is connected 
directly to the selector probe. A source of grid 
bias is placed between the amplifier grid and the 
exploring probe. This voltage is so adjusted that 
when the exploring and the selector probes are 
at the same potential, the plate current of the 
triode positions the contact wire across the 
mercury pools. Therefore, since the potential of 
the selector probe is fixed, the plotting light 
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directly above the exploring probe records points 
which form an equipotential line. 


CONSTRUCTION FEATURES 


The table top and the flat square upon which 
the C-arm rides are made of smooth pressed 
wood, and the whole apparatus is sufficiently 
large to afford 8X10-in. field reproductions. 
A Penlight bulb is inserted in a small tube 
rotatably mounted in a vertical position in the 
top part of the C-arm. The lower end of the tube, 
which is closed by an opaque disk containing 
two adjacent pin holes, moves in contact with 
the light-sensitive paper. This plotting light 
aperture permits points of one equipotential line 
to be distinguished from those of another by 
the slant of the double-dots. The C-arm assembly 
is provided with two hand grip blocks, and a 
fingertip switch attached to one of these blocks 
keeps the plotting light circuit open while the 
unit is being adjusted. A movable contact on the 
field voltage potentiometer serves as the selector 
probe. The field-producing electrodes are made 
of sheet metal secured to wooden forms and are 
wedged or sunk by weights in the water trough. 
It was found necessary to sharpen and tin the 
meter contact points to lessen friction and surface 
effects of the mercury. 


OPERATIONAL DETAILS 


The motion of the meter-switch needle aids 
considerably in following the equipotential con- 
tours. It is wise to check the amplifier bias occa- 
sionally by connecting the two probes together 
and noting whether the plotting light goes on as 
it should. The value of field potential for optimum 
plotting conditions is determined by the size and 
shape of the field elements, the amplifier gain 
and the meter sensitivity, and may run as high 
as 200 v. Because of the photographic paper, 
the unit must be operated under subdued light, 
but shielded white lights can be used where 
needed. 


RESULTS 


This cartographic unit is being successfully 
used to plot electron-lens fields, flux distribution 
around armature teeth, and the fields within 
vacuum tubes, enlarged models being used for 
field electrodes. Owing to friction of the small 
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Fic. 1. Complete unit for automatic recording 
of electrostatic fields. 


contacts in the mercury pools and inertia of the 
meter needle, the equipotential points do not 
always form perfectly smooth curves. Neverthe- 
less, moving the exploring probe smoothly and 
rapidly, and using field potential gradients of 
approximately 25 v/cm, produces plotted points 
that are displaced at most only a fraction of a 
millimeter from the smooth curve. Field patterns 
can be plotted rapidly, as 500 to 1000 points are 
easily and carefully recorded in an hour. 


CONCLUSIONS 


A few changes could be made to the present 
unit if greater accuracy than indicated above is 
desired. Alternating field voltages might be used 
in place of steady voltages, and a thyratron or a 
micro-relay circuit could replace the meter- 
switch. A pantograph might be used to connect 
the plotting light to the exploration probe, but 
the direct linkage employed in the present unit 
is dependable and effective. Increased accuracy 
with lower field potentials could be had if a high 
gain amplifier of possibly more than one stage 
were used in place of the single triode. 

This plotting device as it stands, however, is 
inexpensive and easy to construct, and simple 
and rapid in operation. Its accuracy is sufficient 
for undergraduate field plotting work, and with 
a certain amount of care, the unit can be made 
precise enough to serve the needs of advanced 
research. 
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Biotics, the Physics of Life 


ALLEN L. KING 
Dartmouth College, Hanover, New Hampshire 


ITHERTO, living organisms have been excluded from 
the domain of physics. To be sure, a few adventurous 
researchers have carried out scattered experiments and 
analyses, and in at least two cases more extended work of a 
biophysical nature has been done. These two cases are 
physiological optics and acoustics. However, by and large, 
living systems have been relegated to other branches of 
science. 

Frequently a book in general physics begins with the 
statement that natural science consists of two great divi- 
sions: biological and physical science. Biological science is 
said to deal with animate matter and physical science with 
inanimate matter. It is recognized, however, that animate 
matter, like inanimate matter, is made up of atoms, mole- 
cules and other elementary particles, and is subject to 
mechanical and other physical laws. Because of the presence 
of life, on the other hand, animate matter is believed to be 
described by additional laws that are outside the scope of 
physical science; and, therefore, the study of such matter 
is neglected for the most part by physicists. 

Physicists should accept the notion that life is a physical 
property of certain classes of matter and that the laws of life 
are fundamental laws of physics. 

Just as ferromagnetism often is exhibited by special 
groupings of certain elements, so life usually appears in 
highly organized combinations of elements. Just as 
magnetism is associated with moving charge (relative to 
the observer), so life is associated with growth or increase 
of life-containing substance (relative to inanimate matter). 
Just as magnetization is a function of the material and of 
temperature, so the growth process is a function of the 
material and of temperature. Corresponding to the Curie 
point in magnetism, there is an upper limit of temperature 
beyond which life apparently vanishes. Naturally, mag- 
netic and living systems do not display completely parallel 
and analogous characteristics. Nevertheless, just as mag- 
netism is an important subject for study by physicists, so 
life should be at least of comparable importance. 

Biophysicists may be likened to metallurgical physicists, 
who adapt physical methods and laboratory technics to 
the study of metals and alloys. Biophysics and medical 
physics are like astrophysics, chemical physics and metal- 
lurgical physics in that they are fields where physics is 
applied to borderline situations. But life is a fundamental 
property of matter and, therefore, the study of it should be 
considered a fundamental branch of physics—not a borderline 
field. 

The term biophysics has acquired the meaning of physics 
applied to biology, rather than the physics of life itself. 
It would be helpful to adopt a distinctive term for ‘‘physics 
of life.” Biotics might very well be accepted for this 
purpose. It has had limited use; it has the adjective forms 
biotic and biotical; and it fits in with the terms, mechanics, 
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acoustics, magnetics, optics and thermodynamics. Further- 
more, from it may be derived several easily pronounced 
words, such as biotism and biotician. 

With the realization that the observer is an important 
part of his experimental apparatus, as has been clearly 
demonstrated by studies in quantum mechanics, it be- 
comes increasingly urgent that physicists develop biotics 
with as much skill as they have used in mechanics, elec- 
tricity and optics. New methods and technics peculiar to 
the field of biotics must be devised. Laws and mathematical 
methods of employing them must be discovered. Biotics 
is truly a virgin field in which great men will be made; 
it should challenge the very best minds of this and future 
generations of physicists. 


Mass and Massing 


A. G. WorTHING 
University of Pittsburgh, Pittsburgh, Pennsylvania 


R. MARIO IONA, JR., in his paper entitled, ‘On 
the use of units for force and weight in phyiscs text- 
books,’’! speaks of ‘‘a spring balance and a beam balance as 
possible instruments for the measurement of weight.” This 
suggests, as many certainly hold, that an analytic balance 
is basically an instrument for measuring weights and that 
by some added reasoning masses are deduced. Those holding 
that view object to viewing the analytic balance as a 
“massing” instrument. To the writer, it seems that their 
use of the weighing point of view is not only out of accord 
with our usages of terms as applied to other measuring 
instruments but also that it tends to maintain the mass- 
weight confusion. Both considerations are unfortunate. 
Comparing the use of the analytic balance with those of 
other instruments, we may note that many such other 
instruments operate also on the principle of balanced 
forces and torques, and that despite that, we do not refer 
to them as instruments measuring forces or torques. Many 
illustrations are to be found in the various fields of physics. 
As single examples, we have the speedometer of mechanics, 
the flow meter of hydraulics, the barograph of meteorology, 
the bimetallic thermometer of heat, the resonance fre- 
quency meter of sound, the ammeter of electricity and 
magnetism and the radiometer of the field of radiant energy. 
Further, the mercury-in-glass thermometer, which is based 
on relative thermal expansions, is always referred to as a 
temperature measuring instrument; the recording spectro- 
photometer, which is based oh photoelectrically balanced 
beams of light, is referred to as an instrument for measuring 
transmittances and reflectances; and the range finder, one 
form of which is based on the change in the displacement 
of an image by a thin optical wedge with location of the 
wedge, is always referred to as an instrument for measuring 
distances. Excepting the case of massing, it is always the 
final result obtained that determines the name we give to 
the process. With the analytic balance as the instrument, 
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speaking of the process as one of weighing is not in accord 
with our general speech habits. Consistency requires that 
we speak of the process as one of “massing.” 

Considering next the tendency to maintain the mass- 
weight confusion, it is obvious that such statements as ‘“‘by 
weighing on the balance, it was found that the weight, 
pardon, I mean mass, is 40 grams” will leave the impression 
that the difference between weight and mass is really not 


DIGEST OF PERIODICAL 
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very significant. What else but confusion can result? If we 
always weigh, as with a spring balance, to obtain weights 
and similarly always ‘‘mass,’’ as with an analytic balance, 
to obtain masses, we may in time do much to dissipate the 
confusion. Consistent speech habits tend toward clarity of 
ideas. 


1See p. 308 of this issue; the present writer read Mr. Iona’s manu- 
script. 
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Relation of technology to humanism in Goethe’s “Faust” 
and in the works of Saint-Simon. N. M. Oboukhoff, J. Eng. 
Ed. 34, 654-663 (1944). Both Goethe and Saint-Simon 
were aware of the inner antinomy of the new humanism; 
they sought its resolution in action coordinated with the 
absolute ethics of brotherly love for man and implemented 
with science—especially with scientific technology, con- 
ceived as science for and of action. 


Opportunities for chemists in literature service work. 
L. Shorb and L. W. Beck, J. Chem. Ed. 21, 315-318 (1944). 
Similar opportunities exist for physicists, especially women, 
in reference work, abstracting and indexing, bibliographical 
work, translating, editing and writing. 


The library vs. the laboratory as a basis for research. 
B. J. Cole, J. Chem. Ed. 21, 319-321 (1944). How the 
librarian can help in reducing the costs of experimental 
research, 


Protection of the results of chemical research. C. B. 
Hollabaugh, J. Chem. Ed. 21, 321-325 (1944). Procedures 
in patent applications. 


Some recent trends in the United States patent system. 
W. S. Hill, J. Chem. Ed. 21, 354-358 (1944). 


Finding the literature. B. A. Soule, J. Chem. Ed. 21, 333- 
335 (1944). Procedures employed by library technologists. 


The rapidly expanding field of usefulness of x-rays. W. 
D. Coolidge, J. Franklin Inst. 237, 435-439 (1944). A brief 
listing of recent industrial applications of x-rays, which this 
war has greatly accelerated, as did the first world war for 
their medical uses. 


Engineering in medicine. A. L. Barach. Sci. Mo. 58, 
292-301 (1944). Some excellent examples of applications of 
physical principles to medicine. ‘‘Heretofore students have 
generally entered medicine through the avenues of biology 
and chemistry, whereas those taking physics have preferred 
engineering. Wider horizons are needed.” 


Doctorates in science. E. A. Henry, Science 99, 431-432 
(1944). Covers the period 1941-1943. 


Facilitate human endeavor through college training in 
scientific method. K. C. Richmond, Science 99, 385-386 
(1944). Suggests and briefly outlines a required freshman 
course in ‘‘Scientific methods.” 


Newton on heat as a mode of motion. F. Allen, Science 
99, 299 (1944). In his Opticks, Query 28, Newton wrote 
that a dense fluid serves only to disturb and retard the 
motions of planets and comets; and in the pores of bodies, 
it serves only to stop the vibrating motions of their parts, 
wherein their heat and activity consists. 


The paper shortage and scientific publication. R. F. 
Griggs, Science 99, 428-430 (1944). Useful suggestions for 
improving research periodicals; one proposal is that 
abstracts be published immediately upon receipt of a 
paper, before the paper is accepted for publication (except 
for papers obviously unsuitable for the journal concerned). 

Heike Kamerlingh Onnes. R. E. Oesper, J. Chem. Ed. 
21, 263-264 (1944). A brief account of Onnes’ work. 

Western Reserve University’s new technical sales 
curriculums. H. S. Booth, J. Chem. Ed. 21, 282-284 
(1944). An undergraduate program with a major in science 
and a minor in sales and business. 


Symposium on industrial demands for nonlaboratory 
chemists. R. E. Heath, J. Chem. Ed. 21, 269-280 (1944). 
Most of the suggestions are also applicable to physics. 


Terminology and symbols in physics. W. E. Duncanson, 
Phil. Mag. [7] 35, 81-90 (1944). A discussion of proposals 
to replace: (i) ‘‘specific volume” by “rarity”; (ii) “specific 
heat” by ‘‘thermity”; (iii) ‘Avogadro’s number” by 
“avogadron”; (iv) ‘‘mass of an avogadron of molecules”’ 
by ‘‘molar mass”; (v) ‘molecular weight” by “relative 
molecular mass’’; and so forth. 

The problem of the keyboard instrument. LI. S. Lloyd, 
Phil. Mag. [7] 37, 624-631 (1943). The real problem, 
which remains to be fully solved is: Why does the average 
trained ear, which knows there is something wrong with 
the harmonium, accept as satisfactory the tuning of a 
piano? 

The new algebras and their significance for philosophy 
and physics. E. T. Whittaker, Phil. Mag. [7] 35, 1-15 
(1944). A general lecture on the origin and development 
of the new algebras, with special references to their 
physical applications. 

Report of committee on engineering education after the 
war. J. Eng. Ed. 34, 589-614, 638-645 (1944). A compre- 
hensive report of value to every physicist who is concerned 
with engineering education or who is interested in a 
similar study of postwar physics education. 
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Purdy—179; Western Pennsylvania, J. G. Moorhead—179 
Cincinnati meeting, June 1944, program, abstracts and attendance, 
J. G. Potter—237 
Emeritus status in the Association, Anon.—74 
Necrology: Leon Wilson Hartman—178; Franklin T. Jones—178; 
W. J. Kennedy—51; William Edward McElfresh—52; Oscar 
Milton Stewart—305; Arthur P. R. Wadlund—S1 
New York meeting, Jan. 1944, program and abstracts—1i10; 
secretary’s report, C. J. Overbeck—113; attendance—114 
Oersted medal for 1943 to R. R. Tileston, citation, A. G. Worthing 
—93; presentation, L. W. Taylor and G. F. Hull—96 
Richtmyer memorial lecture for 1943, K. K. Darrow—55 
Rochester meeting, June 1944, program, abstracts and attendance, 
L. M. McDowell—238 
Treasurer’s annual report, P. E. Klopsteg—54 
Apparatus (see General physics, laboratory; Intermediate and advanced 
physics, laboratory; Lecture-demonstrations; Shop practice and 
apparatus; Visual materials and methods) 
Appointment service and professional opportunities 
Archaeology, physicist in, W. S. Webb—196 
Biotics, new field for physicists, A. L. King—373 
Chemical industry, physicists in, A. J. Mee and R. C, L, Bosworth 
—309(D), 246(T) 
Demands for physicists, probable future, H. T. Briscoe—71; A. W. 
Hull—65 
Fellowships supported by industries, C. Hull and M. Mico—182(T); 
Frank B. Jewett postdoctorate fellowships—349 
Industrial physics, outlook, remuneration, A. W. Hull—62; S. 
Dushman—219; nonlaboratory work, R. E. Heath—374(T) 
Industrial quality control, R. H. Bacon—157 
Literature service and research as an occupation, F. Wall, e¢ al.— 
181(D); B. J. Cole—374(T); L. Shorb and L. W. Beck— 
374(T); B. A. Soule—374(T) 
Navy research activities, J. A. Furer, ef al.—182(T) 
Railway industry, physicist in, T. A. Eames—54(T) 
Soil physicist, W. Gardner—311 
Technical sales, H. S. Booth—374(T) 
Astronomy courses 
Biographies of astronomers, comprehensive bibliography, T-. J. 
Higgins—31, 234 
Textbooks, reviews of—243(R) 


Biographies (sce History and biography) 
Book reviews (see Reviews of books, pamphlets and trade literature) 


Charts and posters (see Visual materials and methods) 
Courses (see Astronomy courses; Engineering physics; General physics; 


Intermediate and advanced physics; Meteorology courses; Pre- 
medical course) 


Demonstrations (see Lecture-demonstrations) 
Departmental administration, maintenance and activities (see also 
Education) 
Chemical industry, training physicists for, A. J. Mee and R. C. L. 
Bosworth—309(D), 246(T) 
College origins of American physicists, O. Blackwood—149 


College standards as reflected by Navy V-12 program, A. C. Eurich 
—206 


Decorating the student laboratory, R. D. Spohn—182(T) 

Federally subsidized program for training school sgience teachers, 
K. W. Bigelow, R. J. Havighurst, F. J. Kelly and K. Lark- 
Horovitz—359 

Industry and physics, S. Dushman—219; T. A. Eames—54(T); 
R. E. Heath—374(T); A. W. Hull—62; H. L. Mason—346; 
A. J. Mee and R. C. L. Bosworth—309(D), 246(T) 

Library technics and literature research, A. G. Connolly, et al.— 
116(D); G. Egloff—54(T); B. J. Cole—374(T); L. Shorb and 


L. W. Beck—374(T); B. A. Soule—374(T); course in, F. Wall, 
et al.—181(D) 


Major students in physics, need for more, how to get, H. T. Briscoe 
—71; curriculum for, W. P. Davey—353 : 

Patents, applying for, C. B. Hollabaugh—374(T); reforms in laws 
A. Simon—246(T); W. S. Hill—374(T) 

Postwar educational intentions of ex-soldiers, Cooperative Com- 
mittee on Science Teaching—310(D) 

Premedical work with major in physics, A. L. Barach—374(T) 

Rehabilitation program for disabled service men, physics in, R. E. 
Harris—350 

Reprints of reports and articles, available, Anon.—-268 

Research, organization, direction and support, H. S. Taylor and 
K. K. Darrow—182(T) 

Retirement of professors, new scheme, P. Haensel—118(T) 

Self-rating of physics department, proposed criterions, W. P. 
Davey—353 

Teaching loads, W. P. Davey—353 

Teaching suggestions for inexperienced teachers, J. L. Glathart— 
155; G. E. Davis—160 

University of Maine engineering physics curriculum, C. E. Bennett 
—246(T) 

U. S. Military Academy department and courses, B. W. Bartlett 
—78 

U. S. Naval Academy physics course, F. K. Elder, ef al.—279 

War physics courses, criticisms of nonphysicists who taught, W. 
Weniger—98; Navy V-12 program, A. C. Eurich—206; 
problems peculiar to, G. E. Davis—160 

Wellesley College school of technics, L. S. McDowell—174 


Education, general (see also Education, physics and science) 


Objectives of modern education, C. E. Seashore—116(D) 
Revolution in education in England, M. H. Trytten—323 
Teaching ability, no reward for, N. F. Stevens—117(D) 


Education, physics and science (see also General physics; Tests) 


Adult education at Wellesley College, L. S. McDowell—174 

China, physics training in, Chi-Ting Kwei—13 

Doctorates in science, 1941-43, E. A. Henry—374(T) 

Federally subsidized education in basic sciences, advantages, plans, 
K. W. Bigelow, R. J. Havighurst, F. J. Kelly and K. Lark- 
Horovitz—359 

Grades, adjusting set of unsatisfactory, M. L. Braun—240(D) 

Junior college physics departments, scheme for rating, W. P. 
Davey—353 

Laboratory examinations, dynamic, L. R. Weber—101; pre-tests, 
C. J. Overbeck—110(D) 

Massachusetts Institute of Technology postwar curriculum, Anon. 
—241 

Objectives of school science, survey, G. W. Hunter and L. Spore— 
118(T) 

Physical principles most important for general education, H. E. 
Wise—118(T) 

Physicists’ most creative years, H. C. Lehman—54(D) 

Postwar education, SPEE committee—374(T) 

Rehabilitation program for disabled service men, physics in, R. E. 
Harris—350 

Scientific methods, freshman course in, K. C. Richmond—374(T); 
in laboratory, W. B. Thomas—53(D) 

Students, advice on how to study, etc., H. P. Hammond—118(T); 
R. E. Doherty—118(T); problem of maladjusted and ap- 
parently backward, M. Goran—46 

Survey course textbooks, reviews of, 243(R) 

Teachers of American physicists, list, O. Blackwood—150 

Technical sales curriculum, H. S. Booth—374(T) 

Textbooks, need for avoiding excessive detail, N. W. Dougherty 
—246(D); for discouraging rote learning of “formulas,” R. S. 
Shaw—238(D); for more effective editing, T. D. Cope—111(D) 

University of Chicago physical science course, R. J. Stephenson— 
225 


Electricity and magnetism (see General physics; History and biography; 


Intermediate and advanced physics; Lecture-demonstrations; 
Terminology and notation; Textbooks; Units and dimensions) 


Engineering physics (see also General physics) 


Advice to students on how to study, etc., H. P. Hammond—118(T); 
R. E. Doherty—118(T) 


Postwar engineering education, SPEE committee—374(T) 
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SPEE physics division, J. D, Elder—214 
. Textbooks, criticism of physics, N. W. Dougherty—246(D); im- 
proving engineering, J. S. Thompson—54(T) 
University of Maine engineering physics curriculum, C. E. Bennett 
—246(T) 
Examinations (see Tests) 
Experiments (see General physics, laboratory; Intermediate and ad- 
vanced physics, laboratory; Lecture-demonstrations) 















































First-year college physics (see Engineering physics; General physics; 
Premedical course) 











General physics, educational aspects 
Course for nonmajors, sampling vs. comprehensive survey, E. M. 
Rogers—113(D) 
Criticisms of general physics by teachers from other departments, 
W. Weniger—98 
Laboratory, examination on technics, L. R. Weber—101; pre-tests 
to encourage preparation, C. J. Overbeck—110(D); teaching 
scientific approach in, W. B. Thomas—53(D) 
Reprints of articles and reports, available, Anon.—268 
Rote learning of ‘‘formulas” unnecessary, R. S. Shaw—238(D) 
Textbooks and pamphlets, reviews—177(R), 242(R), 244(R) 
Teaching suggestions for inexperienced teachers, J. L. Glathart— 
155; G. E. Davis—161 
U. S. Military Academy course, B. W. Bartlett—78 
U.S. Naval Academy course, F. K. Elder, et al.—279 
General physics, laboratory apparatus and experiments (see also 


Intermediate and advanced physics, laboratory; Lecture- 
demonstrations) 





































































































Mechanics 


Atwood machine, modified, K. H. Fried and W. H. Mais—210 

Centripetal force in a pendulum, P. H. Miller, Jr.—40 

Energy, conservation of mechanical, E. H. Collins—44; A. Burris 
and W. J. Hargrave—215; E. Jensen—370 

Friction, sliding, E. Jensen—370 

Inclined plane, E. H. Collins—44; E. Jensen—370 

Projectile motion, C. Jones and H. M. Thaxton—217, 112(D) 

Pendulum, conical, P. L. Tea—245(D); simple, P. H. Miller, Jr.— 
40; A. Burris and W. J. Hargrave—215 

Rotational kinetic energy, E. H. Collins—44; E. Jensen—370 

Viscosity of gases, O. F. Steinbach and G. F. Conery—245(D) 





















































Heat 
Gas laws of Boyle, Charles, Dalton and Graham, O. F. Steinbach 
and G. F. Conery—245(D) 


Specific heat ratio, Clément and Désormes apparatus, G. Henry— 
307 





























Electricity 











Jr., and L. I. Schiff—173 
Electrostatic fields, device for plotting, A. D, Ehrenfried—371 
Magnetic field intensity about a single pole, W. L. Braxton and P. 
Kirkpatrick—230 























Light 

Interference fringes, achromatic, with ordinary lens, A. T. Jones— 
108 

Lenses, radii of curvature, H. C. Schepler—107 

Photometry applied to searchlights, A. G. Worthing and J. Cyphers 
—112(D) 

Refiection and refraction at spherical surfaces, W. Noll—112(D) 

Vision, pinhead shadow inversion phenomenon, F. R. Hirsch, Jr., 
and E. M. Thorndike—164 

General physics, subject matter (see also History and biography; 

Lecture-demonstrations; Methodology and philosophy of sci- 
ence; Terminology and notation; Textbooks; Units and di- 
mensions; Visual materials and methods) 










































































Mechanics 








Acceleration, constant, nomograph for solving equations, R. T. 
Lagemann—340 





Alternating current voltmeter, simple high impedance, P. H. Miller, 
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Athletics, mechanics in, P. Kirkpatrick—7 

Centripetal and centrifugal forces, V. P. Barton, O. Blackwood and 
A. T. Jones—233 

Definitions of basic quantities, J. G. Winans—239(D) 

Entropy concept, survey, K. K. Darrow—183 

Fluid motion, error in textbooks, H. W. Farwell—307 

Force and weight units, M. Iona, Jr.—368 

Forces, graph of sum of two parallel, W. W. Sleator—131 

Friction, problem, B. W. Bartlett—48; on variable slope, W. P, 
Berggren—51 

Gravitational theories, survey, G. D. Birkhoff—310(T) 

Gyroscopes, naval applications, J. D. Riggin—291 

Mass, how not to teach, W. H. Michener—237(D) 

Mass units, especially slug, L. E. Kinsler—112(D) 

Naval applications of mechanics, L. E. Kinsler—283 

Newton's third law, faulty treatments, M. Mott-Smith—109 

Rockets, early military uses, E. C. Watson—366 

Rotation terminology, E. S. Barr—107 

Vector methods in naval problems, J. A. Tiedeman—280 

Weight-mass confusion, A. G. Worthing—111(D), 373; M. Iona, 

Jr.—368 


Heat 
Calory and joule in thermodynamics and thermochemistry, E. F. 
Mueller and F, D. Rossini—1 
Gas equations, nomograph for solving, R. T. Lagemann—340 
Hygrometry, recent developments, J. H. Awbery—54(T) 


Sound 
Doppler and echo Doppler effect, comprehensive survey, J. O. 
Perrine—23; G. F. Herrenden Harker—175 
Naval applications of sound, E. R. Pinkston—296 


Supersonic echoes used by bats in flight, survey of experiments, 
D. R. Griffin—342 


Electricity 

Condensers, charge, energy, etc., in dissectible Leyden jar, B. Gross 
—111(D), 324; J. Zeleny—329 

Coulomb law in electrostatics and magnetostatics, incorrect treat- 
ments, C. C. Murdock—201, 111(D) 

Current as electron drift, A. T. Jones—236; S. W. Cram—1i11(D) 

Resistors in parallel and condensers in series, problems, R. M. Bell 
and M. G. Zabetakis—231; nomograph for equation, R. T. 
Lagemann—340 

Units, mks, J. H. Howey—237(D) 


Light 

Cosmic rays, popular lecture, W. F. G. Swann—118(T) 

FBI optics laboratory, W. G. Driscoll—182(T) 

Lenses and mirrors, graph of image positions, W. W. Sleator—131; 
nomograph for equation, R. T. Lagemann—340; problems, R. 
M. Bell and M. G. Zabetakis—231 

Naval applications of optics, R. A. Goodwin—299 

Paraxial rays, R. J. Beck—231 

Photometry, revised elementary treatment, R. J. Stephenson—50 

Resolution and synthesis of light by prisms and plates, A. E. 
Hennings—232 

Spectra, line, nomograph for, I. M. Freeman—169 

Vision, theories of trichromatic, H. Hartridge—118(D) 

X-rays, new industrial uses, W. D. Coolidge—374(T) 


Miscellaneous Topics 


Athletic measurements, bad physics in, P. Kirkpatrick—7 

Archaeology, physics in, W. S. Webb—196 

Aviation, physics problems for students, P. F. Bartunek and J. N. 
Snyder—110(D) 

Biographies of physicists and astronomers, comprehensive bibliog- 
raphy, T. J. Higgins—31, 234 

Computation of z, illustrative methods, R. H. Bacon—49 

Highway and traffic problems, physics applied to, E. M. J. Herrey 
and H. Herrey—239(D) 

Joule, pronunciation of name, H. S. Allen and J. O. Thompson— 

53(D) 
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Life phenomena and laws a part of physics, A. L. King—373 

Liquids and solutions, structure, G. W. Stewart—321 

Misconceptions in textbooks, L. B. Tuckerman—75 

Naval applications of physics, F. K. Elder, et al.—279, 91; W. E. 
Peterson—110(D) 

Nomographs, construction and use, R. T. Lagemann-—340 

Problems involving sums of reciprocals, devising simple, R. M. Bell 
and M. G. Zabetakis—231; nomograph for solving, R. T. 
Lagemann—340 

Pulmotor, a dangerous device, Y. Henderson—1i17(D) 

Rectangular hyperbola as graph of various inverse proportions, and 
relation to exponents and logarithms, W. W. Sleator—131 

Slide rule, logarithmic, W. W. Sleator—134 

Units, English, plea for use, K. G. Irwin—53(D) 


Heat (see General physics; Intermediate and advanced physics; Lecture- 


demonstrations; Terminology) 


History and biography 


Airplane, Henson's invention of, A. F. Zahm—54(T); Tennyson’s 
predictions of —54(T) 

Alter, David, and early spectroscopy, S. C. Gladden—362 

American Institute of Physics building, R. V. Hutchisson—54(T) 

Ames, J. S., 1864-1943, and physics at Johns Hopkins, N. E. 
Dorsey—135 

Atomic and molecular theory since Bohr, H. Margenau and A. 
Wightman—119, 247 

Backwardness of certain scientists in youth, M. Goran—46 

Biographies ot physicists and astronomers, comprehensive bibliog- 
raphy, T. J. Higgins—31, 234 

China, physics teaching and research in, Chi-Ting Kwei—13 

Creative years, age of man’s, H. C. Lehman—S54(D) 

Descartes, science without experiment, R. Suter—310(T) 

Electron microscope, early history—54(T) 

Falacy of the mature economy in physics, K. K. Darrow—55 

Franklin’s study of capacitance of condensers, B. Gross—324; J. 
Zeleny—329 

Gilbert, William, portraits of, E. C. Watson—303 

Guericke, O. von, T. Coulson—54(T) 

Hartman, L. W., 1876-1943, G. B. Blair—178 

Heat measurement, C. B. Boyer—118(T) 

Henson, inventor of airplane, A. F. Zahm—54(T) 

Jones, F. T., 1875-1943, G. W. Warner—178 

Joule, pronunciation of name, H. S. Allen and J. O. Thompson— 
53(D) 

Kennedy, W. J., 1900-1943, C. P. Boner—51 

McElfresh, W. E., 1867-1943, R. P. Winch—52 

Newton, on nature of heat, F. Allen—374(T); influence on scientific 
thought, N. Teich—118(T) 

Onnes, H. K., work of, R. E. Oesper—374(T) 

Parson, Charles, and optics, Lord Rayleigh—118(T) 

Prints, drawings and paintings of interest in history of physics, 
E. C. Watson—303; 366 

Richtmyer, F. K., an appreciation, F. R. Hirsh, Jr.—308 

Rockets, early military use, E. C. Watson—366 

Rutherford as a research director, H. R. Robinson—1i82(D) 

Spectrum analysis before Kirchhoff, S. C. Gladden—362 

Stewart, O. M., 1869-1944, H. M. Reese—305 

Tileston, R. R., outstanding teacher, A. G. Worthing, L. W. Taylor 
and G. F. Hull—93 

Units, English, K. G. Irwin—53(D) 

Wadlund, A. P. R., 1895-1943, H A. Perkins—51 


Intermediate and advanced physics, administrative and educational 


aspects 

American Physical Society, New England Section, M. Allen—18, 
180; Southeastern Section, E. S. Barr—240; proposed division 
for physics of solid state, Anon.—352 

Chemical industry, training physicists for, A. J. Mee and R. C. L. 
Bosworth—309(D), 246(T) 

Chinese physics instruction and research, Chi-Ting Kwei—13 

College origins of American physicists, O. Blackwood—149 

Doctorates in science, 1941-43, E. A. Henry—374(T) 

Fellowships supported by industries, C. Hull and M. Mico— 
182(T); D. Roller—349 


Industrial physics and research, outlook, demands, remuneration, 
A. W. Hull—62; training for, S. Dushman—219; training for 
small laboratory, H. L. Mason—346; what physicists can best 
contribute, T. A. Eames—54(T); nonlaboratory work in, R. E. 
Heath—374(T) 

Library and literature-searching technics, A. G. Connolly, et al.— 
116(D); G. Egloff—54(T); F. Wall, et al.—181(D); L. Shorb 
and L, W. Beck—374(T); B. J. Cole—374(T); B. A. Soule— 
374(T) 

Mathematician's loss of leadership in science, J. L. Synge—246(D) 

Metaphysics, scientist’s dread of, P. A. Carmichael—182(D) 

Patents, applying for, C. B. Hollabaugh—374(T); reforms in laws, 
A. Simon—246(T); W. S. Hill—374(T) 

Reprints of survey articles for class use—268 

Research, organization, direction and support, H. S. Taylor and 
K. K. Darrow—182(T); motives of, A. G. Tansley—212(D) 

Research periodicals, improving, R. F. Griggs—374(T) 

Research worker, characteristics of, H. L. Mason—346 

Rutherford as a research director, H. R. Robinson—182(D) 

Self-rating of physics department, proposed criterions, W. P. 
Davey—353 

Textbooks and reference books, reviews of —242(R) 

Writing technical papers, A. G. Connolly, et al.—116(D) 


Intermediate and advanced physics, laboratory (see also General 


physics, laboratory; Lecture-demonstrations) 


Mechanics and Heat 


Calorimetry, units in, E. F. Mueller and F. D. Rossini—1 

Centripetal force in simple pendulum, P. H. Miller, Jr.—40 

Hydrodynamics, flow of water in pipes, R. C. Binder—41 

Pendulum, conical, transient motions, P. L. Tea—245(D) 

Specific heat ratio, Clément and Désormes apparatus, G. Henry— 
307 


Electricity 

Alternating current voltmeter, simple high impedance, P. H. 

Miller, Jr. and L. I. Schiff—173 
Current, independent measurement of, N. Campbell—115(D) 
Electrostatic fields, device for plotting, A. D. Ehrenfried—371 
Galvanometer, moving coil, and critical damping, R. N. Rai—i51 
Radio laboratory, shielded, F, S. McCullough—246(T) 
Thyratron experiments, T. A. Benham—166 


Light and Radiation 


Interference fringes, achromatic, A. T. Jones—108 

Photometry applied to searchlights, A. G. Worthing and J. Cyphers 
—112(D) 

X-ray laboratory with earth-filled walls, Anon.—246(T) 


Miscellaneous Topics 


Independent measurement, principles involved, N. Campbell— 
115(D) 


Intermediate and advanced physics, subject matter (see also History 


and biography; Methodology and philosophy of science; 
Terminology and notation; Textbooks; Units and dimensions) 


Mechanics and Heat 
Ballistics, exterior, R. H. Bacon and W. J. Kroeger—273 
Energy units in thermodynamics and thermochemistry, E. F. 
Mueller and F. D. Rossini—1 
Entropy concept, survey, K. K. Darrow—183 
Gravitational theories, brief survey, G. D. Birkhoff—310(T) 
Soil mechanics, survey, W. Gardner—311 


Sound 


Clarinet, tone quality, C. S. McGinnis, ef al.—118(T) 

Doppler and echo Doppler effect, survey, J. O. Perrine—23; G. F. 
Herrenden Harker—175 

Keyboard instrument, problem of, L. S. Lloyd—374(T) 

Supersonic echoes guide flight of bats, experimental study, D. R. 
Griffin—342 

Reverberation in small glass tubes, S. M. Cox—53(D) 
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Electricity 

Condenser, dissectible, critical studies of, B. Gross—324; J. Zeleny 
—329 

Coulomb law in electro- and magnetostatics, incorrect treatments, 
C. C. Murdock—201, 111(D) 

Dielectrics, absorption, conductivity, permanent polarization, 
electret, B. Gross—324; J. Zeleny—329 

Electric field of revolving charges, H. A. Erikson—203 

Electrodynamics, teaching of, E. T. Benedikt—240(D) 

Electron drift, new term, A. T. Jones—236; S. W. Cram—1i11(D) 

Electrostatic generators, theory, A. W. Simon—182(T) 

Ionic solutions, structure of, G. W. Stewart—321 

Mechanical-electrical analogies, survey, J. Miles—118(T) 


Light, Radiation and Atomic Physics 


Atom, electric field of electrons, H. A. Erikson—203 

Atomic and molecular theory since Bohr, historical, logical and 
mathematical survey, H. Margenau and A. Wightman—119, 
247 

Balmer-type spectrum formulas, nomogram for, I. M. Freeman— 
169 

Color concept, Committee on Colorimetry—54(T) 

Color in art education, D. B. Judd, et al.—118(T) 

Crystal structure of Rochelle salt, F. Pleasonton—19 

Cyclotron, comprehensive survey, M. S. Livingston—118(T) 

Lens-design, introduction to, F. T. Rogers, Jr.—240(D) 

Paraxial rays, R. J. Beck—231 

Radiation theory, recent refinements, H. Margenau and A. 
Wightman—263 

Resolution and synthesis of light by prisms and plates, A. E. 
Hennings—232 

Spectrum analysis prior to Kirchhoff, S. C. Gladden—362 

Telescopes and spectroscopes, lenseless, Lord Rayleigh—118(T) 

Vision, symposium on color blindness, D. B. Judd, e¢ al.—118(T); 
trichromatic, H. Hartridge—118(T) 


Miscellaneous Topics 


Archaeology, physics in, W. S. Webb—196 

Ballistics of small-arms ammunition, R. H. Bacon and W. J. 
Kroeger—269 

Biographies of physicists and astronomers, comprehensive bibliog- 
raphy, T. J. Higgins—31, 234 

Chemical industry, physics in, A. J. Mee and R. C. L. Bosworth 
—246(T), 309(D) 

Experimental physics in U. S., 1942-43, C. J. Overbeck—246(T) 

Future of physics, K. K. Darrow—55 

Highway and traffic problems, physics of, E. M. J. Herrey and H. 
Herrey—239(D) 

Industrial quality control by statistical methods, R. H. Bacon— 
157; L. E. Simon—246(T) 

Life phenomenon and laws a part of physics, A. L. King—373 

New algebras, use in physics, E. T. Whittaker—374(T) 

Nomographs, construction and use, R. T. Lagemann—340 

Periodic table, new, J. A. Babor—1i81(D) 

Phase, meaning of chemical, G. Antonoff—181(D) 

Quaternions, development and increasing significance, H. T. H. 
Piaggio—118(T) 

Railway problems, physics applied to, T. A. Eames—54(T) 

Rectangular hyperbola in physics, and relation to exponents, W. W. 
Sleator—131 

Soil physics, survey, W. Gardner—311 

Solutions, structure of aqueous, G. W. Stewart—321 

Statistical mechanics, new, K. K. Darrow—246(T) 

Water, structure of, G. W. Stewart—321 


Laboratory, student (see General physics, laboratory; Intermediate 


and advanced physics, laboratory) 


Lecture-demonstrations (see also Visual materials and methods) 


Mechanics 


Airplane model, R. C. Hitchcock—48; showing forces, B. E, Sites— 
171 


Bernoulli principle, E. C. Weaver—181(D) 
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Centripetal force and inertia, W. V. Burg—181(D) 

Falling bodies, water hammer, H. K. Schilling and H. L. Yeagley 
—230 

Forces in equilibrium, E. M. Rogers—239(D) 

Friction coefficients exceeding unity, B. W. Bartlett—48 

Gyroscope, relation of precession to torque, G. T. Rado—29 

Hydrodynamics, flow of water in pipes, R. C. Binder—41 

Inclined plane, friction on, B. W. Bartlett—48 

Projectile motion, rockets, ‘‘bazooka,"” R. M. Sutton—104 

Scale concept in mechanics, models, R. C. Hitchcock—48 

Surface tension changes, E. M. Rogers—239(D) 


Heat 


Conduction of heat, new apparatus, A. S. Coolidge—175 
Freezing by evaporation, H. Kruglak and P. M. Loofboro—48 
Refrigeration, E. F. Shumaker—181(D) 

Vapor pressure of ether, A. T. Jones—108 

Water hammer, metal, H. K. Schilling and H. L. Yeagley—230 


Sound 
Doppler effect by use of beats, F. E, Fox—228 
Reverberation in small glass tubes, S. M. Cox—53(D) 
Wave projection, Crova disks, J. H. Howey—213, 112(D) 


Electricity 

Conduction in a gas, D. S. Ainslie—44 

Cyclotron model, E. E. Grassel—53(D) 

Electrostatics, new charging rod, D. S. Ainslie—43; simple experi- 
ments, E. C. Weaver—181(D) 

Leyden jar, dissectible, criticisms of use, B. Gross—111(D), 324; 
J. Zeleny—329 

Magnetic field about a straight current, M. A. Jeppesen and C. R. 
Field—173 

Magnetic top, G. T. Rado—29 

Motor, with magnets as rotor, M. A. Jeppesen and C. R. Field—173 

Ohm’s law, hydraulic analog, E. M. Rogers—239(D) 

Oscillograph demonstration of half- and full-wave rectification by 
a vacuum tube, J. S. Rosen—174 

Thyratron, compact demonstration unit, T. A. Benham—166 


Light 
Diffraction gratings, low cost, W. W. Schultz—105 


Vision, pinhead shadow inversion phenomenon, F. R. Hirsh, Jr.. 
and E. M. Thorndike—164 


Miscellaneous Topics 


Increasing visibility and effectiveness of demonstrations by illumi- 
nation and color, H. K. Schilling and M. W. White—239(D) 


Light (see General physics; History and biography; Intermediate and 


advanced physics; Lecture-demonstrations; Terminology and 
notation; Textbooks) 


Mathematics 


Computation of z, illustrative methods, R. H. Bacon—49 

Isolation of mathematics, J. L. Synge—246(D) 

Misconceptions in elementary books, L. B. Tuckerman—75 

Nomographs, R. T. Lagemann—340 

New algebras, significance for philosophy and physics, E. T. 
Whittaker—374(T) 

Quaternions, development and increasing significance, H. T. H. 
Piaggio—118(T) 

Rectangular hyperbola, and inverse proportions, exponents and 
logarithms, W. W. Sleator—131 

Required mathematics for physics majors, W. P. Davey—353 

Slide rule, logarithmic—134 

Sums of reciprocals, R. M. Bell and M. G. Zabetakis—231; R. T. 
Lagemann—340 


Mechanics (see General physics; History and biography; Intermediate 


and advanced physics; Lecture-demonstrations; Terminology and 
notation; Textbooks; Units and dimensions) 


Meteorology courses 


Hygrometry, recent developments, J. H. Awbery—54(T) 
Textbooks and reference books, reviews of —244(R) 





ANALYTIC SUBJECT INDEX 


Methodology and philosophy of science 
Archaeology, physical methods in, W. S. Webb—196 
Atomic and molecular theory since Bohr, logical survey, H. 
Margenau and A. Wightman—247 
Elementary courses stressing scientific methods, R. J. Stephenson 
—225; W. B. Thomas—53(D); K. C. Richmond—374(T) 
Fallacy of mature economy in physics, K. K. Darrow—55 
Metaphysics, scientist’s dread of, P. A. Carmichael—182(D) 
New algebras and philosophy, E. T. Whittaker—374(T) 
Science without experiment, study of Descartes, R. Suter—310(T) 
Modern physics (see General physics; Intermediate and advanced 
physics) 
Motion pictures (see Visual materials and methods) 


Philosophy of science (see Methodology and philosophy of science) 
Premedical course (see also General physics) 
Biotics, a fundamental branch of physics, A. L. King—373 
Microscopes, new, R. E. Seidel and M. E. Winters—246(T) 
Physical principles in medicine, A. L Barach—374(T) 
Proceedings of AAPT (see American Association of Physics Teachers) 


Reviews of books, pamphlets and trade literature (see also Textbooks, 
errors and inadequate treatments in) 


Books 


Barrett, C. S., Structure of metals—242 

Bawden, A. T., Man's physical universe. Rev. ed.—243 

Craig, H. V., Vector and tensor analysis—242 

Dallavalle, J. M., Micromeritics, the technology of fine particles— 
242 

Daus, P. H., J. M. Gleason and W. M. Whyburn, Basic mathe- 
matics for war and industry—244 

Ehret, W. F., L. E. Sprock, Jr., W. A. Schneider, C. W. van der 
Merwe and H. E. Wahlert, Physical science—243 

Eyring, H. and J. Walter, Quantum chemistry—242 

Gray, D. E., Man and his physical world—243 

Hadel, W., Celestial navigation—a problem manual—243 

Harrison, G. R., Atoms in action.—Reprinted—244 

Hewson, E. W. and R. W. Longley, Meteorology, theoretical and 
applied—244 

Humphreys, W. J., Ways of the weather—244 

Margenau, H. and G. M. Mosely, Mathematics of physics and 
chemistry—242 

Parker, C. M., Steel in action—244 

Shapley, H., Galaxies—243 

Stewart, J. Q. and N. L. Pierce, Marine and air navigation—243 

Stewart, O. M., Physics. Ed. 4—242 

Strong, E. M., Electrical engineering: basic analysis—243 


Pamphlets 

Canadian Radium & Uranium Corp., Manual on industrial radi- 
ography with radium—177 

E. I. du Pont de Nemours & Co., Du Pont publications—244 

General Electric Co., Electricity on the farm; General Electric 
motion pictures; How General Electric can help you; Simplified 
guide to the selection and application of commonly used motor 
controls; Story of the turbine; Short circuit that moves 
mountains—177 

——Romance of electricity—244 

General Motors, Engine design as related to airplane power—177 

——aAutomobile user’s guide—244 

National Bureau of Standards, Methods of using standard fre- 
quency broadcasts by radio—244 

Westinghouse Editorial Service, Typical industrial electronic 
applications—177 

Westinghouse Electric & Manufacturing Co., Teaching aids—244 

Westinghouse Lamp Division, How can I avoid wasting light? —244 

Zenith Radio Corp., Trail blazers to radionics and reference guide 
to ultra high frequencies—177 


Scientific method (see Methodology and philosophy of science) 


381 


Secondary school physics (see also Education; General physics; Lecture- 
demonstrations) 
Athletic measurements, bad physics in, P. Kirkpatrick—7 ° 
Federally subsidized education in basic sciences, plan, K. W. 
Bigelow, R. J. Havighurst, F. J. Kelly and K. Lark-Horovitz 
—359 
Objectives, science, in 655 schools, G. W. Hunter and L. Spore— 
118(T) 
Postwar physics course, S. W. Cram—112(D) 
Postwar training of ex-soldiers, R. E. Harris—350; Cooperative 
Committee on Science Teaching—310(T) 
Suggestions for inexperienced teachers, J. L. Glathart—155; G. E. 
Davis—161; L. I. Bockstahler—182(T) 
Shop practice and apparatus 
Barometer tube, cleaning of, A. T. Jones—108 
Glass-blowing machine, simple, C. E. S. Phillips—246(T) 
Radius of curvature measurements, H. C. Schepler—i07 
Social and economic aspects of science 
Humanism and technology, relation, N. M. Oboukhoff—374(T) 
Kilgore bill, V. Bush—117(T) 
Massachusetts Institute of Technology postwar curriculum, Anon. 
—241 
Newton's work, social aspects, N. Teich—118(T) 
Patent law reforms, A. Simon—246(T) 
Postwar social and technologic trends, S. Dushman—219 
Research, its use to society, A. W. Hull—69 
Sane approach to tomorrow's world, W. S. Lynch—310(D) 
Sound (see General physics; Intermediate and advanced physics; 
Lecture-demonstrations) 


Teacher Training 
Federally subsidized teacher-training program, K. W. Bigelow, R. 
J. Havighurst, F. J. Kelly and K. Lark-Horovitz—359 
Suggestions for inexperienced teachers, J. L. Glathart—155; G. E. 
Davis—161 
Teaching aids (see Reviews; Visual materials and methods) 
Terminology and notation 
Biotics, physics of life, A. L. King—373 
Calories, thermochemical and I. T., E. F. Mueller and F. D. 
Rossini—1 
Electron drift, A. T. Jones—236 
Echolocation, D. R. Griffin—342 
Liquid structure and cybotaxis, G. W. Stewart—321 
Molecular and thermal terms, W. E. Duncanson—374(T) 
Paraxial rays, R. J. Beck—231 
Phase, chemical, G. Antonoff—181(D) 
Rotation terminology, E. S. Barr—107 
Weight-mass confusion, new terms for reducing, A. G. Worthing— 
111(D), 373; W. H. Michener—237(D); M. Iona, Jr.—368 
Tests 
Devices for constructing and solving numerical problems, R. M. 
Bell and M. G. Zabetakis—231; R. T. Lagemann—340 
Grades, adjusting set of unsatisfactory, M. L. Braun—240(D) 
Laboratory, tests of accomplishment, L. R. Weber—101; pre-test 
to encourage preparation, C. J. Overbeck—110(D) 
Textbooks, errors and inadequate treatments ia (see also Reviews) 


Errors 
Coulomb law, C. C. Murdock—201 


Effect of fluctuating stress on metals, L. B. Tuckerman—75 
Fluid motion, H. W. Farwell—307 


Inadequate Treatments 
Centripetal force, V. P. Barton, O. Blackwood and A. T. Jones— 
233 
Dissectible condenser, B. Gross—324; J. Zeleny—329 
Doppler effect, J. O. Perrine—23 
Friction coefficients exceeding unity, B. W. Bartlett—48 
More effective editing of textbooks, T. D. Cope—i11(D) 
r Newton’s third law of motion, M. Mott-Smith—109 
" Photometry, R. J. Stephenson—50 
Rotation, E. S. Barr—i07 
Synthesis of light, A. E. Hennings—232 





